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Fuzzy Feed Forward Controller 37 

The fuzzy feed-forward controller 37 is designed for 
disturbance rejection. The disturbances come in the form of 
feed disturbances. The feed disturbances that cause prob- 
lems are cold feed temperature changes, that is, changes in 
the temperature of the three phase mixture 14 (oil emulsion) 
before it reaches the feed heater 26, which cause changes in 
feed heater power requirements. The other disturbances that 
cause problems are changes in the feed BS&W. Knowledge 
of the change in the feed BS&W alone is not helpful. The 
variables that are meaningful are the changes in the percent 
water in the feed and changes in the percent solid in the feed. 
The sum of these two changes is equal to the change in the 
feed BS&W, which is the variable that we can measure. The 
fuzzy soft-sensor 36 uses the variables that we an measure, 
cold feed temperature, feed BS&W feed flow rate change, 
and feed heater requirements to predict the changes in the 
feed water and solid content. FIG. 6B illustrates the com- 
bination of the feed-forward controller and the fuzzy soft 
sensor. 

There are 27 rules, three input variables, nine input 
membership functions, two output variables, and six output 
membership functions. The rules are of the form: if "Feed 
Water Composition Change" is . . . and "Feed Solid Com- 
position Change" is . . . and "Cold Feed Temperature 
Change" is. Then "Feed Pump Speed Change" is . . . and 
"Feed Heater Setpoint Change" is . . . 

The feed-forward control rules are given in Table 5. The 
input membership functions are given in FIG. 10A, FIG. 
10B and FIG. 10C, and the output membership functions are 
given in FIG. 11A and FIG. 11B. 

TABLE 5 

The fuzzy rules for the feed-forward control system 36 







and 


and 










(Feed 


(Cold 


Then 


and 




if 


Solid 


Feed 


(Feed 


(Feed 




(Feed Water 


Compo- 


Temp. 


Pump 


Heater 


Rule Composition 


sition 


Change) 


Speed 


Change) 


No. 


Change) is 


Change) is 


is 


Change) is 


is 


1 


Negative 


Negative 


Negative 


Zero 


Positive 


2 


Negative 


Negative 


Zero 


Zero 


Zero 


3 


Negative 


Negative 


Positive 


Zero 


Negative 


4 


Negative 


Zero 


Negative 


Zero 


Positive 


5 


Negative 


Zero 


Zero 


Zero 


Zero 


6 


Negative 


Zero 


Positive 


Zero 


Negative 


7 


Negative 


Positive 


Negative 


Positive 


Zero 


8 


Negative 


Positive 


Zero 


Positive 


Zero 


9 


Negative 


Positive 


Positive 


Positive 


Negative 



15 



25 



30 



35 



40 



45 



18 



TABLE 5-continued 



The fuzzy rules for the feed-forward control system 36 







and 


and 










(Feed 


(Cold 


Then 


and 




if 


Solid 


Feed 


(Feed 


(Feed 




(Feed Water 


Compo- 


Temp. 


Pump 


Heater 


Rule Composition 


sition 


Change) 


Speed 


Change) 


No. 


Change) is 


Change) is 


is 


Change) is 


is 


10 


Zero 


Negative 


Negative 


Zero 


Positive 


11 


Zero 


Negative 


Zero 


Zero 


Zero 


12 


Zero 


Negative 


Positive 


Positive 


Negative 


13 


Zero 


Zero 


Negative 


Zero 


Positive 


14 


Zero 


Zero 


Zero 


Zero 


Zero 


15 


Zero 


Zero 


Positive 


Zero 


Negative 


16 


Zero 


Positive 


Negative 


Zero 


Positive 


17 


Zero 


Positive 


Zero 


Zero 


Zero 


18 


Zero 


Positive 


Positive 


Zero 


Zero 


19 


Positive 


Negative 


Negative 


Zero 


Positive 


20 


Positive 


Negative 


Zero 


Zero 


Zero 


21 


Positive 


Negative 


Positive 


Positive 


Zero 


22 


Positive 


Zero 


Negative 


Zero 


Positive 


23 


Positive 


Zero 


Zero 


Zero 


Zero 


24 


Positive 


Zero 


Positive 


Negative 


Negative 


25 


Positive 


Positive 


Negative 


Zero 


Positive 


26 


Pasitive 


Positive 


Zero 


Zero 


Zero 


27 


Positive 


Positive 


Positive 


Zero 


Zero 



EXAMPLE 3 

When the sun goes down in the oil field, especially in the 
winter, temperatures often drop suddenly. This can cause the 
properties of the three phase mixture 14 (oil emulsion) to 
change, possibly leading to stratification in the feed recep- 
tacle 28. Instead of a well-mixed feed, the operators expe- 
rience feed "layers" with somewhat different properties. The 
property changes affect the operation of the centrifuge 12. 
For this example we assume that the cold feed temperature 
charge (Tl) is measured as -4° F. We assume that the fuzzy 
soft-sensor 36 detects a change in the feed solid content of 
+2% and a change in the feed water content of +6%. From 
FIG. 10A, the change in feed water content has a member- 
ship of 0.3 in "Positive" and 0.7 in "Zero". From FIG. 10B, 
the change in feed solid content has a membership of 0.2 in 
"Positive" and 0.8 in "Zero". From FIG. 10C, the change in 
cold feed temperature has a membership of 0.6 in "Zero" 
and 0.04 in "Negative". From Table 5, eight rules are fired. 
The rules fired are 13, 14, 16, 17, 22, 23, 25, and 26. These 
rules, with their Min-Max resolution are shown in Table 6. 
In Table 6 "P", "Z", and "N" stand for "Positive", "Zero", 
and "Negative" respectively. 



TABLE 6 



The rules fired for Exam le 3 with thpir resolution . 



If 

(Feed Water 
Composition 
Change) 



and 
(Feed Solid 
Composition 
Change) 



and 
(Cold 
Feed Temp. 
Change) 
is 

Input 



Then 
(Feed 
Pump Speed 
Change) 



and 
Feed 
Heater 
Setpoint 
Change) is 



+6% +2% -4° 

Rule No./Value Membership Membership Membership 



Minimum Minimum 



13 
14 
16 
17 



Z (0.7) 

Z (0.7) 

Z (0.7) 

Z (0.7) 



Z (0.8) 

Z (0.8) 

P (0.2) 

P (0.2) 



N (0.4) 
N (0.6) 
N (0.4) 
Z (0.6) 



Z (0.4) 

Z (0.6) 

Z (0.4) 

Z (0.2) 



P (0.4) 

Z (0.6) 

P (0.2) 

Z (0.2) 
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TABLE 6-continued 

The rules fired for Exam le 3 with thpir resolution . 

If and and Then and 





(Feed Water 


(Feed Solid 


(Cold 


(Feed 


Feed 




Composition 


Composition 


Feed Temp. 


Pump Speed 


Heater 




Change) 


Change) 


Change) 


Change) 


Setpoint 




is 


is 


is 


is 


Change) is 








Input 








+6% 


+2% 


-4° 






Rule No./Value 


Membership 


Membership 


Membership 


Minimum 


Minimum 


22 


P (0.3) 


Z (0.8) 


N (0.4) 


Z (0.3) 


P (0.3) 


23 


P (0.3) 


Z (0.8) 


Z (0.6) 


Z (0.3) 


Z (0.3) 


25 


P (0.3) 


P (0.2) 


N (0.4) 


Z (0.2) 


P (0.2) 


26 


P (0.3) 


Z (0.2) 


Z (0.6) 


Z (0.2) 


Z (0.2) 


Maximum 








Z = 0.6 


P = 0.4 


Values 










Z- 0.6 



P = Positive, 
Z = Zero, 
N = Negative 



The rules fired, as shown in Table 3, provide Output 0.4 
values of 0.6 for Zero for Feed Pump Speed Change and 0.6 
and 0.4 respectively for Positive and Zero for Feed Heater 25 
Setpoint Change. The corresponding clipped output mem- 
berships functions are shown in FIGS. 11 A and 11B. 

The centroid of the shaded area in FIG. 11A is 0.0. 
Therefore the computed Feed Pump Speed Change is zero 
for this example. The centroid of the shaded area of FIG. 30 
11B is 4.19. Therefore the computer Feed Heater Setpoint 
Change is 4.19° F. for this example. 



Fuzzy Soft Sensor 38 

The basic rules for the fuzzy soft sensor 38, are listed in 
Table 7. Although these rules are illustrative, they can be 
supplemented or changed using techniques disclosed in the 
present application. 

These rules are of the form: 

If the "Feed Pump Flow Change" is . . . and the "Feed 
BS&W Change" is . . . and the "Feed Heater Power 
Requirement" is . . . Then the "Feed Water Change" is . . . 
and the "Feed Solid Change" is . . . 



TABLE 7 



The basic rules for the fuzzy soft sensor 36. 
& 





If 


& Feed 


(Heater Power 




& 


Rule (Feed Pump 


(BS & W 


Requirememt Change) 


Then 


(Feed Solid 


# 


Flow Change) is 


Change) is 


is 


(Feed Water is 


Change) is 


1 


Large Negative 


Negative 


Negative 


Negative 


Negative 


2 


Large Negative 


Negative 


Zero 


Negative 


Positive 


3 


Large Negative 


Negative 


Positive 


Negative 


Positive 


4 


Large Negative 


Zero 


Negative 


Zero 


Zero 


5 


Large Negative 


Zero 


Zero 


Negative 


Positive 


6 


Large Negative 


Zero 


Positive 


Negative 


Positive 


7 


Large Negative 


Positive 


Negative 


Positive 


Positive 


8 


Large Negative 


Positive 


Zero 


Negative 


Positive 


9 


Large Negative 


Positive 


Positive 


Zero 


Positive 


10 


Small Negative 


Negative 


Negative 


Negative 


Negative 


11 


Small Negative 


Negative 


Zero 


Negative 


Negative 


12 


Small Negative 


Negative 


Positive 


Negative 


Positive 


13 


Small Negative 


Zero 


Negative 


Zero 


Zero 


14 


Small Negative 


Zero 


Zero 


Zero 


Zero 


15 


Small Negative 


Zero 


Positive 


Negative 


Positive 


16 


Small Negative 


Positive 


Negative 


Zero 


Positive 


17 


Small Negative 


Positive 


Zero 


Positive 


Positive 


18 


Small Negative 


Positive 


Positive 


Positive 


Positive 


19 


Zero 


Negative 


Negative 


Negative 


Negative 


20 


Zero 


Negative 


Zero 


Zero 


Negative 


21 


Zero 


Negative 


Positive 


Positive 


Negative 


22 


Zero 


Zero 


Negative 


Zero 


Zero 


23 


Zero 


Zero 


Zero 


Zero 


Zero 


24 


Zero 


Zero 


Positive 


Positive 


Negative 


25 


Zero 


Positive 


Negative 


Zero 


Negative 


26 


Zero 


Positive 


Zero 


Positive 


Positive 


27 


Zero 


Positive 


Positive 


Positive 


Positive 


28 


Small Positive 


Negative 


Negative 


Negative 


Zero 


29 


Small Positive 


Negative 


Zero 


Negative 


Negative 


30 


Small Positive 


Negative 


Positive 


Zero 


Negative 


31 


Small Positive 


Zero 


Negative 


Zero 


Zero 



Provided by PatentStorm, http://www.patentstorm.us 



US 6,860,845 Bl 
21 22 

TABLE 7-continued 

The basic rules for the fuzzy soft sensor 36. 
& 
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Rule (Feed Pump 


(BS & W 


Rpnnirpmpmf f^hnncrp^ 
lxt/U till ^iiidiiL v^naii^^ J 


Then 




# 


Flow Change) is 


Change) is 


is 


(Feed Water is 


Change) is 




Small Positive 


Zero 


Zero 


Zero 


Zero 


33 


Small Positive 


Zero 


Positive 


Zero 


Zero 


34 


Small Positive 


Positive 


Negative 


Zero 


Positive 


35 


Small Positive 


Positive 


Zero 


Negative 


Positive 


36 


Small Positive 


Positive 


Positive 


Positive 


Zero 


37 


Large Positive 


Negative 


Negative 


Negative 


Negative 


38 


Large Positive 


Negative 


Zero 


Negative 


Negative 


39 


Large Positive 


Negative 


Positive 


Positive 


Negative 


40 


Large Positive 


Zero 


Negative 


Zero 


Zero 


41 


Large Positive 


Zero 


Zero 


Zero 


Zero 


42 


Large Positive 


Zero 


Positive 


Positive 


Negative 


43 


Large Positive 


Positive 


Negative 


Zero 


Positive 


44 


Large Positive 


Positive 


Zero 


Positive 


Positive 


45 


Large Positive 


Positive 


Positive 


Positive 


Negative 
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if 




(Heater 






(Pump 


and 


Power 






Flow 


(BS & W 


Requirement 




Branch 


Change) 


Change) 


Change) 


Then 


point 


is 


is 


is 


(GO to ... ) 


1 


Negative 


Negative 


Negative 


Fuzzy system 1 


2 


Negative 


Negative 


Zero 


Fuzzy system 2 


3 


Negative 


Negative 


Positive 


Fuzzy system 3 


4 


Negative 


Zero 


Negative 


Fuzzy system 4 


5 


Negative 


Zero 


Zero 


Fuzzy system 5 


6 


Negative 


Zero 


Positive 


Fuzzy system 6 


7 


Negative 


Positive 


Negative 


Fuzzy system 7 


8 


Negative 


Positive 


Zero 


Fuzzy system 8 


9 


Negative 


Positive 


Positive 


Fuzzy system 9 


10 


Zero 


Negative 


Negative 


Fuzzy system 10 


11 


Zero 


Negative 


Zero 


Fuzzy system 11 


12 


Zero 


Negative 


Positive 


Fuzzy system 12 


13 


Zero 


Zero 


Negative 


Fuzzy system 13 


14 


Zero 


Zero 


Zero 


Fuzzy system 14 


15 


Zero 


Zero 


Positive 


Fuzzy system 15 


16 


Zero 


Positive 


Negative 


Fuzzy system 16 


17 


Zero 


Positive 


Zero 


Fuzzy system 17 


18 


Zero 


Positive 


Positive 


Fuzzy system 18 


19 


Positive 


Negative 


Negative 


Fuzzy system 19 


20 


Positive 


Negative 


Zero 


Fuzzy system 20 


21 


Positive 


Negative 


Positive 


Fuzzy system 21 


22 


Positive 


Zero 


Negative 


Fuzzy system 22 


23 


Positive 


Zero 


Zero 


Fuzzy system 23 


24 


Positive 


Zero 


Positive 


Fuzzy system 24 


25 


Positive 


Positive 


Negative 


Fuzzy system 25 



30 



In order to implement the above rules, crisp rules and a 
branch and bound technique can be used to choose the rules 
that will be used for a given condition. For example we can 25 
obtain 27 branch points from the original 45 rules. The 
desired branch point is chosen using "crisp" values of the 
input variables "Pump Flow Change", "BS&W Change", 
and "Heater Power Requirement Change". From the branch 
point we step to a fuzzy control routine that manages the 
fuzzy rules under the branch. The crisp rules for the 27 
branch points are listed in Table 8. These rules are of the 
form: 

If "Pump Flow Change" is . . . and "BS&W Change" is . . . 
and "Heater Power Requirement" is . . . then Go to . . . 

TABLE 8 



TABLE 8-continued 



40 



45 



50 



55 



60 



65 



Branch points for the fuzzy soft sensor rule base. 



Branch 
point 



if 

(Pump 

Flow 

Change) 



and 

(BS & W 
Change) 



and 

(Heater 
Power 

Requirement 
Change) Then 
is (GO to . 



26 Positive 

27 Positive 



Positive 
Positive 



Zero 
Positive 



Fuzzy system 26 
Fuzzy system 27 



35 



FIG. 12 illustrates the use of the Table 8 
The soft sensor rules (1-27) currently are all different. 
Some are very simple and some are reasonably complicated, 
using many of the original 45 rules with modified member- 
ship functions. In addition to the variables shown above, 
Feed BS&W, Feed Pump Flow, and Heater Power 
Requirement, Feed Temperature Change are taken into 
account. As well, each rule system must take into account 
whether the continuous phase is oil or water. If water is the 
continuous phase, oil droplets are dispersed throughout the 
water phase. If oil is the continuous phase water droplets are 
dispersed through the oil phase. The physical properties of 
the system, especially viscosity, strongly depend upon which 
phase is the continuous one. 

Thus the invention provides an improved system and 
process for separating a multi chase mixture into separate 
components. Although the invention has been described 
with reference to certain preferred embodiments, as will be 
apparent to those skilled in the art, certain changes and 
modifications can be made without departing from the scope 
of the invention as defined by the following claims. 
We claim: 

1. A system for separating a multi phase mixture com- 
prising: 

a centrifuge configured to separate the mixture into a first 
liquid phase component, a second liquid phase com- 
ponent and a solid phase component; and 

a control system programmed with a set of fuzzy logic 
rules; 

the control system configured to sense feed variables of 
the mixture into the centrifuge and at least one param- 
eter of the first liquid phase component or the second 
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liquid phase component and to adjust a feed tempera- 
ture and a feed rate of the mixture based on the 
variables, the parameter and the set of fuzzy logic rules. 

2. The system of claim 1 wherein the control system 
further comprises a filter configured to differentiate signals 5 
representative of the feed variable from noise. 

3. The system of claim 1 wherein the control system 
further comprises a conflict resolution portion configured to 
resolve conflicts during adjusting of the feed temperature 
and the feed rate. 

4. The system of claim 3 wherein the mixture comprises 
an oil emulsion, the first liquid phase component comprises 
oil and the second liquid phase component comprises water. 

5. A system for separating a multi phase mixture com- 
prising: 

a centrifuge configured to separate the mixture into a first 15 
liquid phase component, a second liquid phase com- 
ponent and a solid phase component; 

a feed forward control system comprising a plurality of 
sensors, a fuzzy soft sensor in signal communication 
with the sensors programmed with a set of fuzzy logic 20 
rules, and a controller in signal communication with the 
fuzzy soft sensor, 

the feed forward control system configured to sense feed 
variables of the mixture into the centrifuge and to 

• 25 

adjust a feed temperature and a feed rate of the mixture 
based on the feed variables and the set of fuzzy logic 
rules; and 

a feedback control system configured to measure feed- 
back variables in the first liquid phase component or the ^ 
second liquid phase component and to adjust the feed 
temperature and the feed rate based on the feedback 
variables and the set of fuzzy logic rules; 

the feedback control system comprising a feedback con- 
troller including a conflict resolution portion config- - 
ured to coordinate the operation of the controller and 
the feedback controller. 

6. The system of claim 5 wherein the feedback control 
system includes a BS&W sensor configured to measure a 
basic solids and water content of the first liquid phase 4Q 
component and to adjust the feed temperature and the feed 
rate based on the basic solids and water content and the set 

of fuzzy logic rules. 

7. The system of claim 5 wherein the feed variables 
include a feed temperature and a feed rate. 45 

8. The system of claim 5 wherein the feed variables 
include a feed temperature, a feed rate, a percent change of 
water and a percent change of solid expressed as a single 
feed magnitude change variable. 

9. A system for separating a multi phase mixture com- 5Q 
prising: 

a centrifuge configured to separate the mixture into a first 
liquid phase component, a second liquid phase com- 
ponent and a solid phase component; 

a feed forward control system comprising a plurality of 55 
sensors, a fuzzy soft sensor in signal communication 
with the sensors programmed with a set of fuzzy logic 
rules, and a controller in signal communication with the 
fuzzy soft sensor, 

the feed forward control system configured to sense feed 60 
variables of the mixture into the centrifuge and to 
adjust a feed temperature and a feed rate of the mixture 
based on the feed variables and the set of fuzzy logic 
rules; and 

a filter in signal communication with the fuzzy soft sensor 65 
configured to differentiate signals representative of the 
feed variables from noise. 



,845 Bl 

24 

10. The system of claim 9 further comprising a heater in 
signal communication with the controller configured to heat 
the mixture to the feed temperature and a pump in signal 
communication with the controller configured to pump the 
mixture into the centrifuge at the feed rate. 

11. The system of claim 9 wherein the mixture comprises 
an oil emulsion, the first liquid phase component comprises 
oil and the second liquid phase component comprises water. 

12. A system for separating a multi phase mixture com- 
prising: 

a centrifuge configured to separate the mixture into a first 
liquid phase component, a second liquid phase com- 
ponent and a solid phase component; 

a heater configured to heat the mixture to a temperature 
set point (T2); 

a pump configured to pump the mixture into the centri- 
fuge; 

a fuzzy soft sensor in signal communication with a first 
sensor configured to sense a feed temperature (Tl) of 
the mixture and a second sensor configured to sense a 
basic solids and water content of the mixture; 

a set of fuzzy logic rules programmed into the fuzzy soft 
sensor and configured to express input from the first 
sensor and the second sensor into at least one feed 
change variable; and 

a controller in signal communication with the fuzzy soft 
sensor configured to adjust the temperature set point 
(T2) for the mixture, and to adjust a speed of the pump 
to achieve a selected feed rate for the mixture. 

13. The system of claim 12 further comprising a third 
sensor configured to measure a basic solids and water 
content of the first liquid phase component, and a feedback 
controller in signal communication with the third sensor 
configured to adjust the temperature set point (T2) and the 
speed of the pump based on the rules and input from the third 
sensor. 

14. The system of claim 12 wherein the mixture com- 
prises an oil emulsion, the first liquid phase component 
comprises oil and the second liquid phase component com- 
prises water. 

15. The system of claim 12 wherein the centrifuge com- 
prises a rotatable bowl for separating the first liquid phase 
component and the second liquid phase component and an 
auger for separating the solid phase component. 

16. The system of claim 12 wherein the centrifuge 
includes a tank configured to collect the first liquid phase 
component and a vapor recovery unit configured to collect 
and condense vapor from the tank. 

17. The system of claim 16 wherein the vapor recovery 
unit comprises a fan configured to move the vapor and a 
plurality of baffles configured to condense the vapor. 

18. The system of claim 12 wherein the rules are in an "if" 
"then" format. 

19. A process for separating a multi phase mixture com- 
prising: 

providing a centrifuge configured to separate the mixture 
into a first liquid phase component, a second liquid 
phase component and a solid phase component; and 

providing a fuzzy soft sensor programmed with a set of 
fuzzy logic rules; 

sensing at least one feed variable of the mixture and at 
least one parameter of the first liquid chase component 
or the second liquid phase component; and 

adjusting a feed temperature and a feed rate of the mixture 
into the centrifuge based on the feed variable, the 
parameter and the set of fuzzy logic rules. 
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20. The process of claim 19 wherein the feed variable is filtering signals representative of the basic solids and 
selected from the group consisting of the feed temperature, water content and the cold feed temperature from noise; 

Z e r^ure hanSe ^ " ^ " ^ ^ ^ rdating the basiC S ° HdS and Water C ° ntent t0 the &ed 

^ rj,. r 1 • •* a i f a • ui water composition change and to the feed solid com- 

21. The process of claim 19 wherein the feed variable 5 • • u j 
comprises a percent change of solid expressed as a single position c ange, an 

feed magnitude change variable. adjusting the feed rate and the temperature set point using 

22. The process of claim 19 further comprising resolving the rules, the sensing step, the filtering step and the 
conflicts from the sensing step prior to performing the relating step. 

adjusting step. 10 25. The process of claim 24 wherein the mixture com- 

23. The process of claim 19 wherein the mixture com- prises an oil emu i sio n, the first liquid phase component 

prises an oil emulsion, the first liquid phase component rises oil and the second H id hase component com . 

comprises oil and the second liquid phase component com- . 

. r t- prises water, 
prises water. 

24. A process for separating a multi phase mixture com- 15 26 The P rocess of clalm 24 further com P" sln g sensln g a 
prising* basic solids and water content of the first liquid phase 

providing a centrifuge configured to separate the mixture component to provide feedback data and adjusting the feed 

into a first liquid phase component, a second liquid rate and the temperature set point using the feedback data. 

phase component and a solid phase component; 27 Tne process of claim 24 further comprising sensing an 

providing a feed pump configured to pump the mixture 20 oil content of the second liquid phase component to provide 

into the centrifuge at a feed rate; additional feedback date and adjusting the feed rate and the 

providing a heater configured to heat the mixture to a temperature set point using the additional feedback data. 

temperature set point; 28. The process of claim 24 further comprising collecting 

providing a fuzzy soft sensor programmed with a set of 25 m e first liquid phase component in a tank, collecting the 

fuzzy logic rules that relate a feed water composition vapor from the tank, and condensing the vapor. 

change of the mixture, a feed solid composition change 29. The process of claim 28 further comprising providing 

of the mixture, and a cold feed temperature change of a vapor recovery unit comprising a fan configured to move 

the mixture to a feed pump speed change for the feed the vapor and a plurality of baffles configured to condense 

pump, and to a heater setpoint change for the heater; 30 the vapor, 
sensing the basic solids and water content of the mixture 

and the cold feed temperature; * * * * * 
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SECTION FIVE 



Attachment No. 3 
Equipment Details 




Centech International LLC 



P.O. Box 2170, Mills, Wyoming 82644 
3444 Burd Road, Casper, Wyoming 82601 



Equipment List 





ITEM NAME 






1 


Patented Three-Phase Centrifuge 


2 


Muvall 40ft. Loboy Trailer/with heater control/power cords & vfd drives 




(platform for centrifuge) 


3 


2-L6 pc Pumps 


4 


2-L8 pc Pumps 


5 


Catch Tank/with piping valve fittings 


6 


125KW Submergible Electric Heater 


7 


Vapor Recovery System 


8 


200ft 2" Hose/300ft 4" Hose 


9 


Winterizing Frame Work & Tarps 


10 


Three F350 Crew Cabs 


11 


545D Ford Tractor Loader 


12 


Pace 28ft Decon/Trailer 


13 


Superior 28ft Gooseneck Trailer 


14 


40ft Semi/Trailer Storage 


15 


SA200 Lincoln Welder 


16 


Miller Wirefeed Welder 


17 


Hotsy High Pressure Washer (steamer) 


18 


Ridge Drill Press 


19 


Makita 14" Chop Saw 


20 


Misc Power & Hand Tools 


21 


Heavy Jack 


22 


Multiple Electric Motors (heavy duty) 


23 


Gas Bottles 


24 


Radio Unit #1 


25 


Fire Extinguishers & Safety Equipment 


26 


Tractor/Backhoe 


27 


Control Panel 


28 


Welding Machine 


29 


Heater 


30 


Centrifuge Electric & Spare Parts 


31 


Control House 


32 


Sub Electric Heater (125KW) 


33 


545D Tractor (Ford) 


34 


28 Foot Decontamination Trailer 


35 


28 Foot Gooseneck Trailer 


36 


Crew cab 4xy F 350 Pickup Trucks (4) 


37 


Satellite telephone (1) 
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DATELINE: LOS ALAMOS 



BRIEFLY ... 

LABORATORY FORMS NEW OFFICE TO ENHANCE COLLABORATIONS. Two Los Alamos programs, 
the office of Energy Technology and the Industrial Partnership Office, have merged into a sin^e program called 
the Civilian and Industrial Technology Program Office. The merger will enhance the Laboratory's role in civil- 
ian federal programs such as fossil fuel and energy efficiency technologies and will work to form synergistic 
partnerships with industry sectors closely aligned with those civilian programs. Additionally the office will 
seek to form strategic partnerships with industry that provide value to the Laboratory in terms of innovation 
and the ability of the partnership to enhance the Labs ability to meet Its core mission. The new office will 
more closely scrutinize Los Alamos" areas of science and technology that will benefit front the industrial 
collaboration and analyze the long-term benefits. "WIL be looking for programs and partnerships. In either 
industry or government, where the results of the work will help strengthen and revitalize the Laboratory's 
role In non-defense federal and civilian programs," said C harry i Berger, director of the new office. "We will 
focus on Innovation and creativity rather than the amount of money the collaboration might bring in." 
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The Automated 
Ch em leal 
Analysis System 
consists, of 
several 
Integrated 
Standard 
Laboratory 
Modules. A 
robot arm 
trans-ports- a 
sample from 
module to 
module. The 
Inset at right 
shows the 
Human- 
Computer 
Interface 
s o ftw a re 
module used to 
automate an 
entire chemical 
analysis. 



AUTOMATED CHEMICAL ANALYSIS SYSTEM 

The Automated Chemical Analysis System processes soil samples for the 
detection and determination of poly chlorinated biphenyl mixtures: 
hazardous chemicals originally used as heat -transfer fluids. These so-called 
"PCBs" are a significant contaminant at a number of 
government and Industrial sites. Not only do PCBs 
have great chemical stability; they are also a potential 
carcinogen and the Environmental Protection Agency 
wishes to eliminate them from the environment. Los 
Alamos Is leading a national laboratory effort that 
Includes Oak Ridge, Sandla, Pacific Northwest, and 
Idaho Engineering to process soil samples for the 
detection and determination of PCB 
mixtures using the Automated 
C henucal Analysis System. Transported 
to the contaminated site in an 
18-wheel semitrailer truck, the 
system uses standardized modules to 
provide consistent and reproducible 
analytical results. Individual modules 
can be removed or added to the system. This bullt-ln flexibility eventu- 
ally will allow scientists to conduct myriad analyses for applications that 
range from environmental cleanup and waste management, to food and 
pharmaceutical characterization and petrochemical processing. 

CONTACT: ROBERT HOLLEN 
(BOB) 667-3186 - E-MAIL: hollanaianl.gov 



AUTOMATICALLY CONTROLLED 
THREE-PHASE CENTRIFUGE 

Approximately 100 million barrels of environ- 
mentally hazardous oil sludge must be 
cleaned up in the United States alone, and 
more than 2.5 million barrels are discarded 
annually Worldwide, the figures are much 
higher. Much of this oil sludge comes from 
refineries, but a large portion Is a byproduct of 
oil field production. Los Alamos and Centech 
Inc. of Casper, Wyo., have combined an 




A centrifuge 
operating at a 
waste disposal 
site tor oil 
fields, rne 
tanks contain 
sludge that has 
been left over 
by other 
cleaning 
methods. The 
sludge Is 
separated Into 
pipeline- quality 
oil, re us able 
water, and 
harmless solids. 
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ingeniously designed centrifuge and an Intelligent "fuzzy" controller. 
Computer software with fuzzy intelligence makes decisions based on a 
construct of rules that captures the expertise and experience of a highly 
skilled human operator. Hie fuzzy software substantially Improves an 
already successful centrifuge technology by automating control of the 
centrifuge for environmental cleanup and oil recovery. The automati- 
cally controlled three-phase centrifuge will separate oil field and oil 
refinery wastes into salable oil, reusable water, and harmless solids. It 
will efficiently clean up oil spills that cause serious environmental 
problems and It can also be used in separation processes conducted by 
the steel industry 

CONTACT: WILLIAM PARKINSON 
(SOS) E6T-702 1 - E-MAIL: parkin; on J n I . gov 
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SECTION FIVE 

Attachment No. 4 

AUDITED FINANCIAL STATEMENT 



A current audited financial statement for Centech 
International LLC is not available. 



Since Centech International LLC is a Kuwait 
owned Company a Parent Company Guarantee is 
provided in lieu of an audited financial statement 

in APPENDIX - 1 



SECTION FIVE 

Attachment No. 5 

OTHER FINANCIAL DATA 
NOT APPLICABLE 



Kuwait Oil Company (K. S. C.) 




Pre-qualification 

FOR 

"WASTE MANAGEMENT SERVICES" 

(PQ-06/05) 

APPENDIX - 1 
PARENT COMPANY GUARANTEE 
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OIL FIELD TECHNOLOGIES & ENVIRONMENTAL SERVICES 



OTES 



M/s Kuwait Oil Company (K.S.C.) 
Kuwait 



Subject: PQ 06/05 PRE-QUALIFICATION FOR 
CC WASTE MANAGEMENT SERVICES" 

PARENT COMPANY GUARANTEE 

THIS GUARANTEE is made this 2 nd day of December 2007. We, Oil Field 
Technologies & Environmental Services Co. a company incorporated in 
Kuwait having its registered office at State of Kuwait, P.O. Box 4464 Safat 
13045 Kuwait (Hereinafter called the "Guarantor" and may also be referred as 
"Parent Company') 

and 

Centech International LLC a company incorporated in Delaware having its 
registered office in the State of Delaware. 2711 Centerville Road, Suite 400 
Wilmington, Country of New Castle, Delaware 19808 (Hereinafter called the 
"Contractor" and may be also referred as the "Subsidiary") 

WHEREAS 

A. The Kuwait Oil Company ("Company") may enter into a contract for 
the execution of waste management services. In this connection 
the Company has conducted a pre-qualification exercise and 
invited international contractors with the required experience to 
participate in a pre-qualification exercise for possible inclusion in 
the Company's approved list of contractors to be invited for bidding 
for the above said Services. 

B. The Contractor being a contractor specialized in the required 
Services has applied to be pre-qualified and listed on the 
Company's approved list of contractors for the Services. 

C. The Guarantor being the Parent Company of the Contractor, has 
agreed that it shall to the extent hereinafter set forth unconditionally 
and irrevocably guarantee the due performance by the Contractor 
of all it's obligations under the contract with the Company to provide 
the Services if entered into between the Contractor and the 
Company. 
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j OiL FIELD TECHNOLOGIES & ENVIRONMENTAL SERVICES 



OTES 



NOW THEREFORE it is hereby agreed: 



1. The Guarantor unconditionally and irrevocably guarantees the due and 
proper performance and observance by the Contractor of all of the 
Contractor's obligations under the contract that may be entered into 
with the Company to perform the required Services. 

2. The Guarantor shall indemnify the Company against all losses, 
damage, costs and expenses which Company may incur by reason of 
such breach by the Contractor except that in no event shall the 
Guarantor have a greater liability in relation to such breach than the 
Contractor. 



3. That on being directed to do so by the Company by notice in writing 
the Guarantor shall perform or take whatever steps may be necessary 
to procure/provide the performance of the obligations of the Contractor 
under the contract for the Services and shall from the date of such 
notice assume jointly and severally with the Contractor all the rights 
and obligations under the contract in every way as if the Guarantor 
were a party to the Contract. 

4. The Guarantor shall not be discharged or released from his Guarantee 
by any arrangement made between the Contractor and the Company 
under any contract or by any forbearance such as payment, extension 
of time for any amendment to the contract, performance, or otherwise 
even though such arrangement, alteration or forbearance may be 
without the assent of the Guarantor. 

5, This Guarantee shall be, construed and governed in accordance with 
the laws of State of Kuwait. 



6. This Guarantee has no time period, it shall continue until all of the 
obligations of the Contractor under the contract entered into between 
the Company and the Contractor has been completely performed to 
the satisfaction of the Company, and the Guarantor shall not be 
released of any obligation or liability until any outstanding claim by the 
Company against the Contractor under the related contract has been 
settled in full. 



\ 
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OIL FIELD TECHNOLOGIES & ENVIRONMENTAL SERVICES 



7. This Guarantee shall be construed in accordance with the normal 
usage of English Language. 



SIGNED by "Name" 
Capacity 

for and on behalf of 
"Guarantor" 




Mohammed Hamoud Al Muharreb A] 
Chairman 

Oil Field Technologies & Environmental Services Co. 
Oil Field Technologies & Environmental Services Co. 





SIGNED by "Name- 
Capacity 

for and on behalf of 
"Contractor" 



Ernest W. Alexander 
Managing Director 
Centech International LLC. 

Centech International LLC 
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SECTION SIX 
Parti 

Signed CORPORATE HSE POLICY 




Centech International LLC 



P.O. Box 2170, Mills, Wyoming 82644 
3444 Burd Road, Casper, Wyoming 82601 



CORPORATE HSE POLICY 



Protection and Management 

Centech International (CI) has developed an HSE-MS that integrates environmental policies 
and standards, planning, training, communications, documentation, assessment, compliance 
audit services, and management review processes, to achieve superior environmental 
performance while supporting our main principles of protection, compliance, conservation, 
and communications. 

Centech International has HSE staff / teams that specialize in the following areas and 
detailed descriptions of the roles and responsibilities of each function: 

• Environmental Protection (EP) - provides environmental policies, tools, training, 
and strategic advice 

• Groundwater Protection (GP) - resolves groundwater issues and ensures 
groundwater monitoring networks are implemented to specifications 

• Environmental Engineering (EE) - manages the planning, design and operation of 
our remediation technique(s) and processes 

• Air/Gas Management (AGM) - develops policies and standards as well as the 
planning and develop of air quality and gas management tools 

• Laboratory Services Program (LS) - manages risks associated w/the analytical 
testing of environmental samples 

• Health & Safety (HS) - develops/implements policies, standards, and procedures 
that address health/safety concerns to ensure quality environmental performance, 
protection, and compliance 

Centech International HSE Policies and Standards 

• Occupational Safety and Health Policy 

• Hazard Identification, Risk Assessment and Risk Control Policies 

• Air/Gas Management Policies 

• Groundwater and Related Media Management Policies 

• Pollution Prevention Policy 

• Environmental Management Technology Procedure 

• Sampling & Waste Analysis Procedures 

• Chemical Hazards Safety Policy 

• Decontamination Procedures 

• Remediated-Product Use Procedures 

• HSE Audit Process Procedures 



Corporate HSE Planning 



Regulatory and business requirements applicable to our operations are determined using the 
following tools: 

• Environmental regulatory updates (federal, state, and local) 

• Compliance software and tools ('fuzzy logic') 

• Corporate management practices / industry standards 

• Corporate environmental policies and standards 

In addressing issues affecting regional and local operations, we review and consider the 
following documents and tools in planning: 

• State and local regulatory changes 

• Local environmental programs and procedures 

• Self-assessments 

• Local training programs 

• Group compliance tools (manuals and group guidance documents) 
HSE Training 

Health, Safety, & Environmental training targets a range of operational and functional levels 
within the company. All new employees participate in corporate ethics and compliance 
training, which outlines Centech International's (CI's) global standards for HSE practices. 
Employees that have responsibility for environmental leadership are trained in the 
company's environmental practices. Topic specific environmental training is developed and 
implemented by corporate and group HSE teams. 

Training tools include the following: 

• Environmental protection training 

• Annual environmental technical conferences 

• Technical seminars 

In addition to the tools identified above, local training is provided through the following: 

• Group in-house classroom training 

• On-the job training 

• Out-sourced training 

HSE Program Communications 

Communication is vital to ensuring environmental issues are part of everyday activities at 
WM and communicating performance to our customers, communities, regulators and 
investors strengthens our ability to be an industry leader. 

We communicate within our company and (with our communities, customers, regulators and 
investors) using: 

• (weekly newsletter) - update employees on environmental and operations activities. 

• www.oteskuwait.com (corporate website) - highlights significant research, 
environmental awards, and unique achievements in environmental management 



• CI's environmental scientists and professionals - present achievements and research 
at national and international environmental conferences 

• CI's Corporate Communications department 

• CI's local management support community outreach 

HSE Program Documentation 

CI has a corporate & site section (environmental protection (EP), which is a central location 
for all environmental documentation and is available to all CI employees. The primary 
supporting documents include policies, standards and training materials. 

HSE Program Management Review 

Various CI management personnel participate in the management review process to 
determine the level of success in achieving health, safety, & environmental goals. They: 

• Review environmental policies on a routine basis 

• Review the design of the HSE program to determine if the system is capable of 
achieving our HSE policy goals and fully supporting principles of protection, 
compliance, conservation and communication 

• All revisions to the HSE program document and supporting policies are documented 
and retained by the corporate environmental protection section 

• Conduct a formal annual review of HSE program 

• Review the local performance measures, goals and objectives 

• Review local issues on a schedule throughout the year 

• Amend the HSE program, including policies, procedures and practices on a timely 
basis whenever the systematic evaluations indicate that changes could improve our 
ability to protect the environment 

Management Systems 

Management Systems provide the foundation for a consistently effective HSE process; 
guidance and direction for employees and organizations; expectations that are understood; 
and a method of controlling occupational injuries / illnesses, environmental incidents and 
costs. 

HSE Management Systems 

► Management Commitment & Direction 

► Employee Roles and Responsibility 

► Hazard Control & Risk Assessment 

► Laws and Regulations 

► Education and Training 

► HSE Communication 

► Rules & Procedures 

► Emergency Planning and Medical Surveillance 

► Documents & Records 

► Contractor and Vendor (Supplier) Management 

► Product Safety 

► Security & Travel Safety 

► Audit and Inspections 

► Incident Investigation & Reporting 

► Process Assessment & Improvement 



HSE Management Systems Audit Process 

# Opening Conference 

# Executing the HSE Management Systems Audit 
S reviewing the site's existing HSE process 

S evaluate how the site is executing CI's HSE Management Systems 
/ interview employees at all levels of the organization; and verify and provide 
recommendations to improve the site's HSE process 

# Put together "DRAFT report and score 

# Closing Conference 

# Six (6) month follow-up reviews 

HSE Management System Audit Scoring 

Each HSE Management System element receives a score. This helps the site prioritize their 
resources and what to focus on first. 

The site receives an overall Audit score. This provides the site with a baseline of how well 
they are executing Centech International HSE Management Systems. 

Scores are also being used to validate our Safety Management Systems — (score compared 
to site performance) 

HSE Management System Closing Conference 

The HSE Audit Team will review the draft report which includes: 

• the site's present status as it relates to their HSE process 

• recommendations identified to improve their HSE process scores (individual and 
overall) 

Site responsibilities include: 

• developing an action plan for recommendations 

• submit final report and action plan to division manager and Corporate Director EHS 

• Six (6) month reporting via database 

HSE Management System Audit Database 

□ Access Database Program 

□ Contains all aspects of the HSE Management Systems Audit Program 

S HSE Management Systems Questions 

/ Field Notes 

S Final Report 

S Recommendation Reports 

s Tracking of "open" audit findings 

j Generates charts and graphs 
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Part 2 

Hsems Guidelines Clarification 

Documentation for communication on HSE Policy shall be provided as follows: 



Centech International LLC 



P.O. Box 2170, Mills, Wyoming 82644 
3444 Burd Road, Casper, Wyoming 82601 



HSEMS GUIDELINES 



HEALTH, SAFETY, AND ENVIRONMENTAL GUIDELINES 

Centech International (CI) is committed to providing a safe, healthy workplace for its 
employees and those of its contractors and subcontractors. The safety and well-being of 
those with whom this Company works is of paramount importance to us. Job safety is 
considered a critical driver in our aim to achieve operational excellence and incident-free 
operations through safe, reliable, efficient and environmentally sound operations. 

Centech International CI shall comply with the following HSE Guidelines when providing 
services to our customers. These guidelines are to be considered as minimum standards, 
These guidelines are intended to supplement, not replace, EMPLOYER'S safety program; 
And to ensure compliance with industry and other regulatory HSEM standards as applicable. 
The term Centech International (CI), as used in these guidelines, shall be understood to 
include any and all subcontractors performing work under terms of the contract under 
consideration. 



1 .0 Responsibility for Compliance 

1 .1 Centech International (CI) shall communicate these guidelines, as well as any 
other health, environmental and safety requirements provided by 
EMPLOYER, to all of its employees, subcontractors, and the employees of its 
subcontractors. 

1.2 Centech International (CI) shall also require its subcontractors to comply with 
such health, environmental and safety laws, rules, regulations and standards 
and any other requirements specified by EMPLOYER in connection with the 
performance of work and shall be responsible for ensuring such compliance 
by its subcontractors. 

1.3 Prior to the commencement of any work activity, Centech International shall 
provide EMPLOYER with the name and qualifications of its qualified 
representative(s) and those of its subcontractors who will be responsible for 
health, environmental and safety protection at the job site(s). 

2.0 Health, Environmental and Safety Protection 

2.1 Prior to the commencement of any work activity, Centech International shall 
submit a HSE Protection Work Plan to EMPLOYER for review. The Plan shall 
describe the health, environmental and safety issues and risks associated 
with the work, and environmental programs in place to address these issues 

2.2 Centech International's HSE Protection Work Plan shall be based on, and 
comply with, applicable laws, decrees, administrative rules and regulations, 
relevant policy and operating procedures. 

2.3 Prior to starting a project, Centech International's HSE representative shall 
participate in a safety, health, and environmental protection orientation with 
the EMPLOYER'S designated on-site manager. 



Centech International shall not start work without a HSE Work Plan, that has 
been accepted in writing by Centech International and EMPLOYER. 

Prior to starting any work, Centech International shall perform a Job Safety 
Analysis ("JSA"). The JSA shall (i) carefully study and record each step of a 
job, (ii) identify existing and/or potential equipment, environmental, or action- 
generated job hazards, and (iii) determine the best way to perform the job to 
reduce or eliminate hazards. Incident The JSA shall be developed and/or 
reviewed by and fully understood by all persons who will participate in the 
performance of the work. A copy of each JSA and documentation showing 
that the JSA has been communicated to and fully understood by all workers. 

Centech International shall participate in a Behavioral Based Safety Process 
which shall include: 

Identification and documentation of critical safety behaviors 
Training personnel to observe co-workers for safe (and questionable or at- 
risk) performance 

Making observations of co-workers for safe (and questionable or at-risk) 
performance 

Feedback after completion of the observation 

Collection and documentation of observation and feedback data 

Perform trend analysis 

Action planning 

Follow-up on action plans 

All observations, feedback, and recommended corrective actions shall be in 
writing. Centech International shall evaluate observations of questionable or 
at-risk activities in order to determine if the JSA requires modification to 
further mitigate risks. Centech International shall update, document, and 
communicate any changes in the JSA prior to performing the work. 



Entrance To Property 

While performing work on EMPLOYER 
comply with all security requirements. 



premises, Centech International shall 



Centech International Representative, immediately after notification of award 
of a job will arrange for pass badges for each employee, vehicle entry 
permits, and instructions on how the pass system operates. 

Centech International shall advise all employees as to the entrance area 
and/or parking facilities, if any, to be used by company, its employees, 
agents, and Subcontractors. Centech International shall ensure that only 
those persons having authorized business in connection with the 
performance operation are allowed on the work site. 

Centech International, its employees, agents, and Subcontractors shall 
observe the posted speed limit, or if not posted, a safe speed in light of 
existing conditions and shall follow any other safe driving practices as may be 
applicable. 

Work-site Permits 

Prior approval is required for the following work activities: 
Working on existing equipment 

Using a torch, spark generator, electrode, melting pot, forge, electric motor, 
soldering iron or any open flame. 

Closing walkways, roads or restricting traffic. (Proper warning signs shall be 
used .) 

Using utilities such as compressed air, steam, water, or electricity. 
Sandblasting, grinding, or spray painting. 



Storing flammables, such as gasoline, oils, paints. Oxygen and presto bottles, 
etc. 

Walking or working upon any roofs over buildings or equipment. 

Working any time at variance with the regular schedule agreed upon at start 

of job . 

Disposing of rubbish, scrap materials, and materials left over from job. 

Expected material deliveries. 

Repairing equipment on work-site property. 

Pressure Testing 

Centech International personnel and its subcontractors shall not test pipes or 
pressure vessels using compressed air or gas or service fluid, except after 
prior approval. 

Equipment 

Centech International personnel shall operate all operate equipment, valves, 
switches, or electric circuits in accordance with established regulatory 
requirements. 

Hazardous Materials 

Centech International, and its subcontractors shall ensure the safe and 
proper environmentally sound storage, transportation, identification, security 
safety, and handling of hazardous materials used in performance of the work 
while under their charge or control. 

Centech International, shall maintain Material Safety Data Sheets (MSDSs) 
for all chemicals and other hazardous materials used in performance of the 
work, and shall perform all work consistent with the use specifications and 
other information in such MSDSs. 

All chemicals and other hazardous materials used in performance of the work 
shall be maintained in their original containers or other containers properly 
labeled in accordance with OSHA HAZCOM requirements and other state or 
local requirements. Water supplies shall be labeled "potable" or "non-potable" 
as appropriate. 

Ladder Safety 

The following practices apply when ladders are used in the performance of 
work: 

Face the ladder and have both hands free. 

Do not overreach, and never slide down the ladder. 

Keep soles of shoes free from excessive oil or water. 

Do not step on any rung or step higher than the third from the top of any 

portable stepladder. 

Never place a ladder in front of a door or passageway unless door is locked 
or guarded. 

Never place a ladder against a windowpane. 
Never place a ladder against a shaky structure. 
Make sure ladder is stable and on solid footing. 

Fire Protection 

Centech International, and its subcontractors shall take all reasonable 
precautions to prevent fires. Paper, rags, trash, and other combustible 
materials shall be exposed of only in safe containers. 
All applicable Fire & Safety regulations will be adhered to by all Centech 
International employees and its Subcontractors. 



9.1 Flammable liquids, such as gasoline, kerosene, and fuel oil, shall be stored in 
industry-approved metal containers designed specifically for handling these 
liquids. Such flammable liquids shall be stored away from possible sources of 
ignition in accordance with recognized industry standards or guidelines. 

9.2 Portable fuel containers r shall be placed on the ground prior to 

filling in order to safely dissipate any static charge that may develop during 
filling. 

9.3 NO EMPLOYEE shall alter or tamper with fire protection equipment or render 
it inaccessible. 

9.4 No employee or subcontractors shall open or close hydrants or main 
water valves except after prior notice from the appropriate representative 
or in the case of emergency. 

9.5 Any leak or indication of gas around piping or vessels shall be immediately 
report to designated authority. All "hot work" in the area ceases immediately 
upon the discovery of a hazard. 

9.6 Centech International shall ensure that all personnel receive training in fire 
and safety prevention, protection, medical aid, and emergency procedures. 

10.0 Personal Protective Equipment & Supplies 

The CONTRACTOR and its subcontractors shall provide its own first aid 
personnel, equipment, and supplies which shall meet requirements of local, 
state, and federal regulations unless otherwise agreed by the parties in 
writing. 

10.2 Centech International and subcontractor personnel on the job site shall wear 
appropriate personal protective equipment, including but not limited to, fall 
protection, steel-toed and shanked safety shoes, hard hats, safety glasses 
(with side shields) and additional personal protective equipment (hearing 
protection, respiratory protection, face shields, hand protection) as may be 
required by the nature of the work and/or as specified by applicable 
regulations and industry standards. The required personal protective 
equipment shall be identified in the HSE Protection work plan and the JSA for 
the work to be performed. When specialized personal protective equipment is 
required, signs shall be posted specifying where personal protective 
equipment use is required. 

10.3 All personal protective equipment shall be used and maintained in 
accordance with manufacturer recommendations. 



Incident Reporting 

Incident accountability shall promptly and accurately report all on-the-job 
incidents / injuries to the appropriate representative or proper governmental 
authorities where required; and shall report and document all potential 
hazards, unsafe conditions, and unsafe acts. All near-miss reports shall be 
provided to the appropriate representatives. 

11.2 On-the-job incidents / injuries shall be immediately reported; and confirmed 
in writing within twenty-four(24) hours after the incident occurs. This includes 
fatalities, injuries, fires, releases of hazardous substances, motor vehicle 
accidents, and damages. 

1 1 .3 Centech International shall maintain and file required incident forms pursuant 
to procedures as required by law, decree, administrative rule or regulation, or 
other legally binding policy interpretation or pronouncement of a legal 
jurisdiction or authority. 



11.0 

11.1 



1 1 .4 Written summaries of all incidents affecting safety and spills shall be provided 



monthly to safety representative, monthly, unless otherwise specified. A Root 
Cause Analysis (RCA) shall promptly be performed after the occurrence of an 
incident and provided to HSE representatives as applicable. RCA is required 
when: 

a. An incident results in an OSHA recordable injury or fatality. 

b. A hazardous material or petroleum release spills 1 gallon or greater on land 
or results in a sheen on water. 

c. A discharge exceeds National Pollutant Discharge Elimination System 
(NPDES) guidelines or permits. 

d. A fire occurs. 

e. After motor vehicle accident takes place. 

f. A "near miss / loss" or minor incident occurs, which, under different 
circumstances, would have resulted in a serious injury, reportable spill, 
property loss, fire, or motor vehicle crash. 

g. An incident occurs frequently. 

h. A significant financial incident occurs, e.g., equipment failure. 
1 1 .5 To conduct an RCA, include at least the following six steps: 

a. Describe what happened, when, and where. 

b. Determine the actual and potential loss or losses 

c. Determine the root causes of the incident. 

d. Determine the risk of recurrence. 

e. Develop controls to reduce the risk of recurrence. 

f. Communicate the lessons learned 

12.0 Environmental Protection 

12.1 Centech International shall prevent spills or releases of oil or chemical 
substances on land, water or air. Pollution prevention shall be a routine part 
of Centech's business and work activities. 

12.2 Centech International shall exercise all necessary care to protect and 
preserve the environment, including flora, fauna and other natural resources 
or assets at any location where the work is performed; shall minimize and 
mitigate unavoidable impacts to the local environment. 

12.3 CI shall assess the environmental hazards of materials and supplies used in 
conjunction with the work and shall use substitute materials presenting less 
risk whenever possible. 

12.4 CI shall keep a reasonable degree of order by properly disposing of 
accumulated rubbish and waste materials. CI and its subcontractors shall 
start site cleanup and remediation immediately upon completion of work at 
that site. 

12.5 Unless otherwise approved, Centech International shall prohibit its employees 
from hunting, disturbing, or capturing native birds, fish or other animals in the 
vicinity of the work site. 



12.6 Centech International shall not remove trees and vegetation to an extent 
greater than is necessary for the work, as determined by established 
regulatory guidelines or in accordance with the applicable permit. Whenever 
feasible, topsoil shall be stockpile for subsequent use in site restoration. 



12.7 



Loading and drainage connections to fuel storage tanks shall be are either 



plugged or locked in the closed position when not in use, and fuel dispensing 
nozzles are self-closing. 

12.8 Oil, solvents, chemicals, etc. shall not be discharged to water bodies or onto 
land. 

12.9 Centech International shall comply with all federal, state and local laws, rules, 
regulations, agency policies and guidance documents relating to pollution or 
protection of the public health and the environment including, but not limited 
to, the emission, discharge, release, manufacture, processing, distribution, 
use, treatment, handling, storage, disposal, or transportation of substances, 
materials, pollutants, contaminants, chemical, solid waste, and/or hazardous 
substances. 



13.0 Miscellaneous 

13.1 Centech International prohibits the use, possession, distribution, or sale of 
illegal drugs and controlled substances used by any person at any time. 
However, prescription medication that is obtained by a valid prescription and 
that does not impair work performance is exempted from this prohibition. This 
prohibition also applies to the use, possession, distribution, or sale of 
unauthorized alcohol, firearms, and explosives. Individuals found in violations 
shall be removed from premises immediately, and, if warranted individuals 
will be reported to the appropriate law enforcement agencies. 

13.2 Compressed gas cylinders shall be secured in place on a regular cart or 
chained to a support in an upright position. All cylinders not in use shall be 
protected with protective valve caps. Compressed oxygen and flammable 
gases shall not be stored near combustible materials, but shall be stored in 
accordance with facility safety procedures and local, state, and federal 
regulations. 

13.4 No firearms, ammunition, or deadly weapons are permitted on work site 
property except as may be authorized by appropriate authorities for security 
purposes to ensure adequate protection of property. 

13.5 Centech International shall ensure that their personnel abide by existing 
state, federal, and local occupational health, safety, and environmental 
regulations. 
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RESOURCES 



I. Centech International HSE Team 



a. 


Oil Field Remediation Services/Technology 


Neal Miller/Quinton Miller 


b. 


Chemical Engineering 


Ph.D. William J. Parkinson 


c. 


Chemical Engineering / Software & Tools 


Ph.D. Ronald E. Smith 


d. 


Environmental Services Consultant 


Meldan Environmental 






Services 


e. 


Environmental Services Consultant 


Taylor Environmental 






Consulting, LLC 


f. 


Laboratory Analysis Services Consultant 


Deborah Munn 


9- 


HSE Safety Officer 





II. Centech International HSE Regulatory Resources 

a. EPA Guidelines 

b. Occupational Safety & Health Administration (OSHA) 

c. American Petroleum Institute 

d. AOAC Test Methods ["Association of Analytical Communities," AOAC 

INTERNATIONAL] 

e. ASTM Test Methods [Formerly known as the American Society for Testing and 

Materials, ASTM International] 

f. ISO [International Organization for Standardization] 

g. EPA Test List [U. S. Environmental Protection Agency] 

h. DIN Standardization Methods [Deutsches Institut fur Normung ] 

i. Standard Methods for the Examination of Water and Wastewater 
j. CFR Test Methods, U.S. [The Code of Federal Regulations] 

k. I P Test Method [The Institute of Petroleum] 

I. World Health Organization [World Health Organization] 

m. UOP™ Test Methods [Universal Oil Products] 

n. Other (KOC-HSEM Guidelines, KOC-Fire & Safety Regulations) 



SECTION SIX 

Part 5 



Hazard/Risk Analysis 

The following section cites Risk control measures & Risk categorization 

for Hazard/Risk Analysis 




Centech International LLC 



P.O. Box 2170, Mills, Wyoming 82644 
3444 Burd Road, Casper, Wyoming 82601 



HAZARD ANALYSIS 



a. Waste Analysis 

(1) Waste analysis may be performed by the generator of the waste, the treatment 
facility, independent laboratory, or any combination of these. Depending on the waste 
type concern, the objectives for testing wastes may include: 

► Verifying that the waste is an Energy & Production (E&P) waste and is approved for 
disposal at the facility; 

► Verifying that a non-exempt waste is non-hazardous (testing for hazardous 
characteristics); 

► Identifying potential community issues, such as odor or visible emissions; and 

► Identifying potential safety or environmental hazards to site employees or surrounding 
area. 

(2) As specific testing criteria are established by federal, local, and industry regulations, or 
by permit conditions; consideration to limit the potential of future liability through prudent 
testing is often employed. For many established customers, knowledge of the process or 
source of the wastes, or an initial waste profile, may be all that is necessary. Centech 
employs the following spot-check standard to it customers or for new waste streams: 

► Visual observations; 

► pH checks; 

► Conductivity or chloride testing; 

► Testing of the vapors for flammability or hydrocarbon content; and 

► Testing of vapors or liquid for reactive sulfides. 

There are a variety of published data sources that may provide an indication of the 
constituents of various E&P waste streams. While these cannot substitute for knowledge of 
the specific waste being treated, they may assist facilities in determining the types of wastes 
to be accepted/or treated and which waste streams, if any, may be appropriate for testing. 

b. Sampling and Analysis 

(1) Existing workplans. Sampling and analysis for sites subject to an approved workplan 
shall be conducted in accordance with the workplan and the sampling and analysis 
requirements described in this rule. 

(2) Methods for sampling and analysis. Sampling and analysis for site investigation or 
confirmation of successful remediation shall be conducted to determine the nature and 
extent of impact and confirm compliance with appropriate allowable concentrations. 

c. Field Analysis 

Field measurements and field tests shall be conducted using appropriate equipment, 
calibrated and operated according to manufacturer specifications, by personnel trained and 
familiar with the equipment. 



d. Sample collection 

Samples shall be collected, preserved, documented, and shipped using standard 
environmental sampling procedures in a manner to ensure accurate representation of site 
conditions. 

e. Laboratory Analytical Methods 

Laboratories shall analyze samples using standard methods (such as EPA SW-846 or API 
RP-45) appropriate for detecting the target analyte. The method selected shall have 
detection limits less than or equal to the allowable concentrations. 

f. Background Sampling 

Samples of comparable, nearby, non-impacted, native soil, ground water or other medium 
may be required by the Director for establishing background conditions. 

g. Soil sampling and analysis 

(1) Applicability . If soil contamination is suspected or known to exist as a result of 
spills/releases or E&P waste management, representative samples of soil shall be collected 
and analyzed in accordance with this rule. 

(2) Sample collection . Samples shall be collected from areas most likely to have been 
impacted, and the horizontal and vertical extent of contamination shall be determined. The 
number and location of samples shall be appropriate to the impact. 

(3) Sample analysis . Soil samples shall be analyzed for contaminants listed as 
appropriate to assess the impact or confirm remediation. 

(4) Reporting . Soil Analysis Report Form, shall be used for documentation results of soil 
analyses. 

(5) Soil impacted by produced wate r. For impacts to soil due to produced water, 
samples from comparable, nearby non-impacted, native soil shall be collected and analyzed 
for purposes of establishing background soil conditions including pH and electrical 
conductivity (EC). Where EC of the impacted soil exceeds the allowable level the sodium 
adsorption ratio (SAR) shall also be determined. 

(6) Soil impacted by hydrocarbons . For impacts to soil due to hydrocarbons, samples 
shall be analyzed for TPH. 

h. Ground water sampling and analysis. 

(1) Applicability . Centech personnel shall collect representative samples of ground water 
& expedite analysis in accordance with these rules under the following circumstances: 

i. Where ground water contamination is suspected or known to exceed the allowable 
concentrations 

ii. Where impacted soils are in contact with ground water; or 

iii. Where impacts to soils extend down to the high water table. 

(2) Sample collection . Samples shall be collected from areas most likely to have been 
impacted, down gradient or in the middle of excavated areas. The number and location of 
samples shall be appropriate to determine the horizontal and vertical extent of the impact. If 
the allowable concentrations are exceeded, the direction of flow and a ground water gradient 
shall be established, unless the extent of the contamination and migration can otherwise be 
adequately determined. 

(3) Sample analysis . Ground water samples shall be analyzed for benzene, toluene, 
ethylbenzene, xylene, and API RP-45 constituents, or other parameters appropriate for 
evaluating the impact. 

(4) Reporting . Water Analysis Report Form shall be used for documentation results of 
water analyses. 

(5) Impacted ground water . Where ground water contaminants exceed the allowable 
concentrations, Centech shall notify the Designated Representative and submit to the same 
prior approval a Site Investigation and Remediation Workplan Form, for the investigation, 
remediation, or monitoring of ground water to meet the required allowable concentrations. 



i. Cross-media impacts 

The overall goal of waste treatment is to reduce the volume or the toxicity of waste that has 
been accumulated or delivered to a facility so that the waste can be disposed without harm 
to human health or the environment. In treating a waste stream, Centech will assure that the 
potentially harmful components are not inadvertently being transferred from one media to 
another. Our selection of the three-phase centrifuge treatment method for waste type and 
volume in conjunction with a pre-approved plan ultimate disposal method ensures effective 
quality control for these factors allowing for safer and more effective waste management, 
resulting in decreased exposure of waste components to human health and the environment. 

j. Secondary disposal 

Some waste treatment processes result in residual material. This residual, post-treatment 
waste should be disposed of in ways that minimize any adverse impacts to human health 
and the environment. Re-use or recycling of residual material is desirable where feasible, as 
regulatory guidelines specify constituent levels that must be met for residual material to be 
re-used. Potential re-uses of residual material include landfill cover and fill dirt for road 
building or other construction activity. Centech will keep records of the volume of residual 
material moved off-site, any analyses of the residual material, its intended use, and ultimate 
location. 

Health and Safety Risk Analysis 

1 .0 Health and Safety Risk Analysis (Health, Safety, & Environmental) 
All persons working on the site will observe all applicable rules and regulations established 
by the Environmental Protection Agency (EPA), the Occupational Safety and Health 
Administration (OSHA), and other applicable regulatory guidelines. 

Work at the site is associated with a variety of hazards, both physical and chemical. The 
purpose of this plan is to reduce the risks of working on the site. The preferred method is to 
eliminate the hazard, whenever practicable; the second choice is to use engineering 
controls; the Last choice is to use personal protective equipment. The general hazards to be 
encountered on the site, and the procedures to reduce these hazards, are presented below. 
The first task at the site shall be to gather miscellaneous debris scattered throughout the 
Work and Treatment Zones and store it in the Staging Area. Existing scaffolds and elevated 
walkways will be evaluated. Those items unnecessary to site operation and posing a 
potential hazard will be dismantled. Those items necessary to operation will be examined 
and repaired, as needed. Thereafter, the Project Site Manager will make weekly 
examinations of the structures and ensure proper maintenance. Potential site hazards have 
been grouped into four categories: heavy equipment, fire, other physical hazards, and 
chemical hazards 

1.2 Heavy Equipment 

Some of the most hazardous situations that may occur are associated with heavy 
equipment operation. The following requirements are intended to alleviate these hazards. 

► Operators must be qualified on equipment; documentation will be required. 

► Heavy equipment must be kept at least 15 feet away from poles that support overhead 
power lines. 

► Back-up alarms are required. 

► Personnel must make eye contact with the operator before approaching the equipment. 

► Operators must wear seat belts when they are available. 

1 .3 Fire/Explosion Hazards 

Onsite personnel may be exposed to fire/explosion hazards at any time. These hazards 
include: 

► Excavating into underground tanks containing liquid petroleum hydrocarbons or fumes; 

► Excavating into underground pipelines carrying liquid petroleum hydrocarbons or fumes; 



► Dismantling and removing above-ground storage tanks containing liquid petroleum 
hydrocarbons or fumes; 

► Generation of hydrocarbon vapor clouds during tank-emptying activities; 

► Sparking of combustible petroleum hydrocarbons in the air, in soil gas, on soils; and 

► Equipment fires. 

1.3.1 Ignition Sources 

Because of the flammable nature of hydrocarbons, ignition sources other than the treatment 
units will be kept out of the Work Zone and Treatment Zone: 

► No matches or cigarette lighters are allowed in the Work or Treatment Zones. A hot- 
work permit will be required for open-flame work. 

► Internal combustion engines must not be operated in the Work Zone while hydrocarbon- 
contaminated solids or liquids might be brought to the surface; alternatively, they must be 
equipped with spark arresters. 

► Intrinsically safe hand, electrical, and mechanical (non-sparking wrenches, etc.) shall be 
used when working on drums and while working in the Work Zone. 

► Explosion-proof instruments and system-wide electrical grounding will be used to 
prevent fires. 

1 .3.2 Fire Precautions 

Subcontractors on the site shall comply with all requirements of this document and of the 
Uniform Fire Codes, and KOC-Fire & Safety Regulations in providing temporary storage of 
materials used in their treatment processes. All vehicles in the Work and Treatment Zones 
must be equipped with an appropriate fire extinguisher. 

The following additional precautions will be observed to minimize the potential for fire or 
explosion: 

► Excavation will proceed slowly for the first five feet to minimize damage to underground 
lines. 

► Combustible gas measurements will be taken regularly during the excavation of a tank 
and during tank entry. 

► Tanks shall be vented or purged before fluids are removed; if Ere, smoke, or heat 
emanates from any tank or excavation, personnel will evacuate the vicinity immediately; 
work will not resume until the signs of fire or explosion have disappeared. 

► If total organic vapors exceed 10% of the lower explosive limit (LEL) in the Work Zone, 
personnel will stop work and move upwind. Measures (such as a nitrogen gas purge) will be 
taken to subdue combustible vapor emissions. 

1.3.3 Fire-Fighting Equipment 

Fire extinguishers (type BC or equivalent) and fire blankets will be located on posts 
throughout the Work Zone. However, fire extinguishers are to be used only in the incipient 
stages of a fire. Fire extinguishers shall be inspected periodically and maintained in 
operating condition. 

1 .3.4 No Smoking Area 

No smoking is permitted within the site perimeter fence. 
1 .4. Other Physical Hazards 

Feasible engineering controls shall be utilized to protect employees against excessive noise, 
in accordance with 29 CFR 1910.95 {see Table 1-1). The noise will be monitored throughout 
the site. Noise levels that exceed an 8-hour time-weighted average of 85 decibels require a 
haring conservation program. 



TABLE 1-1 PERMISSIBLE NOISE EXPOSURES 


Duration per Day-Hours 


Sound Level in Decibels 


8 


90 


6 


92 


4 


95 


3 


97 


2 


100 


1.5 


102 


1 


105 


0.5 


110 


0.25 or less 


115 



1 .5 Buildup of Explosive Gases 

The presence of combustible/explosive gases will be monitored whenever the potential 
exists for their accumulation. Further action will be taken if the level exceeds 10% of the 
Lower Exposure Limit (LEL). The OSHA limits of employee exposure to chemicals; found 
primarily in 29 CFR 1 91 0.1 000, Table Z-1 . 

1.6. Splashes 

Shower and eye wash facilities will be available in the office trailer in the event of an 
emergency. If the MSDS for any chemical brought onsite calls for an eyewash, an eyewash 
station shall be established in the immediate vicinity of that chemical's use. 

1.7 Pits 

The pits will be covered with netting most of the time. Work at the pits will be performed 
remotely whenever practical. Caution must be exercised near the pit edges. A lifeline will be 
available at the pit when work is in progress there. 

1 .8 Propane Tanks 

Propane tanks shall comply with OSHA 29 CFR 1910.106 and with appropriate fire codes. 

1 .9 Fugitive Dust 

A potential hazard on the site will be nuisance dust, especially in the warm months during 
windy conditions. Monitoring of airborne particulates will be performed on the site and 
evaluated for associated health risks. If the airborne particulate level approaches permissible 
exposure limits, dust-control measures will be implemented. The use of respirators will be 
required if the situation presents a health hazard. See Section 2.3 Heavy Metals. 

2.0 Chemical Hazards 

Potentially hazardous chemicals that have been detected on the site include those shown in 
Table 1-2. The maximum concentration found on the site and the location of that 
concentration are given. Also shown are the recommended exposure limits (REL.) 
determined by the National Institute for Occupational Safety and Health (NIOSH) and the 
OSHA time- weighted average permissible exposure limits (PEL). 

2.1 Chemicals 

Any chemicals brought to the site must be accompanied by material safety data sheets 
(MSDSs), to be located in a centralized area and made available to all site personnel. 
Protective equipment, including eyewash stations, shall be provided as specified in the 
MSDSs. Each subcontractor is responsible for providing hazard communication training to its 
employees regarding these chemicals. 

2.2 Petroleum Products on Site 

The chemical products on the site consist primarily of petroleum products. Material data 
safety sheets (MSDSs) will be provided for all identified products located on the site. 



Evaluations indicate that the most likely chemical hazard is benzene. Because analytical 
data may reveal the presence of sulfur and because hydrogen sulfide is a common hazard 
associated with crude oil, hydrogen sulfide will also be monitored. Direct reading tubes will 
be used to monitor for these substances. 

2.3 Heavy Metals On Site 

An evaluation will be performed to identify if any of the metals cited in Table 2-1 might pose 
a health hazard to personnel on site. Arsenic, for example, is found in the soil and could be 
inhaled on particulates during dry, windy days. However, before the arsenic in the dust 
would exceed its permissible exposure limit, the nuisance dust itself would have far 
exceeded both the permissible exposure limit and tolerable levels. In other words, dust and 
not arsenic-laden dust — is the primary concern. If sources of contamination at higher 
concentrations are identified on the site, this conclusion could change. Centech is cognizant 
of potential exposure pathways and will be alert to new information. 

TABLE 2-1 CONCENTRATION LIMITS FOR SELECTED CHEMICALS 
WHICH MAY BE FOUND ON SITE 



Chemical 


Media 


NIOSH REL 


OSHA PEL 


Benzene 


fluid 


0.1 ppm 


1 ppm 


Toluene 


fluid 


100 ppm 


100 ppm 


Ethylbenzene 


fluid 


100 ppm 


100 ppm 


Xylene 


fluid 


100 ppm 


100 ppm 


Arsenic 


soil 


0.002 mg/m 3 


0.01 mg/m 3 


Barium 


fluid 


0.5 mg/m 3 


0.5 mg/m 3 


Chromium 


fluid 


0.5 mg/m 3 


0.5 mg/m 3 


Lead 


fluid 


0.1 mg/m 3 


0.5 mg/m 3 


Cadmium 


soil 


minimize 


0.2 mg/m 3 


Nickel 


fluid 


0.15 mg/m 3 


0.1/m 3 


Vanadium 


fluid 


0.05 mg/m 3 


0.05 mg/m 3 


Silver 


fluid 


0.1 mg/m 3 


0.1 mg/m 3 


Sulfur 


fluid 


10 ppm H 2 S 


10 ppm H 2 S 


REL = recommended 


inhalation exposure limit 



REL = permissible inhalation exposure limit 



3.0 Personal Protective Equipment 

Level C and D protection shall be available for use on the site. 

Level D protection is the minimum protection required in the Work and Treatment Zones. 
Level D will be satisfactory when: 

► the atmosphere contains no know hazard 

► the work functions contain no risk of splashing, immersion, inhalation, or contact with 
hazardous chemicals, and 

► atmospheric concentrations are below one-half the threshold limit value for 
contaminants 

Level D protection will consist of the following items; all of which meet applicable standards 
set by the American National Standards Institute (ANSI). 

► sturdy work shoes or ANSI approved safety-toed shoes/boots 

► hard hat 

► safety glasses 

Level C adds the use of respiratory protection, all certified by the National Institute for 
Occupational Safety and Health (NIOSH): 

► full-face or half-face, air purifying respirator 

► combination organic vapor/HEPA filter cartridge 



Respirator protection will be required when the photoionization detector (PID) reading in 
ambient air exceeds 100 ppm TOV or when the dust monitor or indicator tubes reveal 
exposure levels exceeding permissible exposure limits. An indicator tube will be used to 
measure benzene concentration whenever the PID level exceeds 5 ppm above background. 

4.0 Air Monitoring Program 

Air monitoring will be performed in accordance with OSHA 29 CFR 1910.120(h) to evaluate 
air quality in order to: 

► determine the appropriate protection required for site workers, 

► identify areas where protection is needed, 

► assess the potential health effects of exposure, and 

► determine the need for specific medical monitoring 

► air monitoring will also be used to establish background or baseline levels 

4.1 Air-Monitoring Equipment 

The equipment shown in Table 4-1 will used. The table summarizes the intended use of 
each instrument, action levels, frequency of calibration, and equipment limitations. 

4.2 Calibration Specifications 

The equipment will be calibrated using the specifications shown in Table 4-2. 

4.3 Personal Monitoring 

To confirm that individual worker exposure is below permissible limits in Level D protection, 
Centech will administer a personal monitoring program. This monitoring will occur at least 
annually. During work operations, the person deemed to have the highest exposure to 
organic vapors will be equipped with personal monitoring devices to measure such 
chemicals as benzene, toluene, xylene, and ethylbenzene. If the monitoring reveals no 
dangerous exposure, then all persons performing similar work will be assumed to be safe in 
Level D protection. 

Personal dust monitoring will be done for a person working in the most dusty area. Exposure 
to arsenic, lead, cadmium, and chromium will be measured to confirm that Level D protective 
measures are adequate. 



TABLE 4-1 AIR MON 


TORING EQUIPMENT SPECIFICATION 


Instrument 


Use 


Action Levels 


Frequency 


Calibration 


Limitations 


Barcharach Sniffer 302 

Combustible gas indicator 
0 2 meter 


Detection of explosive/ flammable 
atmosphere 


<10%LEL 
10-20% LEL 
>20% LEL 


Continue work 
Move upwind; vent or purge 
Explosion hazard; stop work; 
leave area 


As needed 


Daily & after 
any reading 
>100 LEL 


Invalid <-4°F; 
Tetraethyl lead, 
sulfur, & silicone 
poison sensor 




Measurement of % O2 in air 


>25.0% 0 2 
20.9% 0 2 
<19.5%0 2 


Explosion hazard; evacuate or purge 
Normal O2 

O2 deficient; vent or use SCBA 


As needed 


Daily 




Determinator 
Photoionization 
Detector (PID) 


Measurement of total organic and some 
inorganic gases & vapors 


>5 ppm 
<100 ppm 
>100 ppm 


Check for benzene 
Level D protection 
Level C protection 


As needed 


Daily 


Cannot sense 
methane; IP of 
chemical must be 
< lamp energy; 
dirt & humidity foul 
the lamp 


Direct Reading Tubes 


Measurement of benzene 


<1 ppm 
1-9 ppm 
>10 ppm 


Level D protection 
Level C protection 
Stop work; evacuate situation 


When PID 
>5 ppm or 
at start of 
new activities 
that could 
emit benzene 


N/A 






Hydrogen sulfide 


>10 ppm 


Stop work; evacuate situation 


As needed 






Dust Monitor: 
Mini-Ram 


Measurement of airborne particulates 


>5 mg/m 3 
>15 mg/m 3 


Apply dust controls 

put on respirators or stop work 


As needed 


Zero daily 




Noise Level Monitor 


Measurement of noise levels 


>90 decibels 


Use hearing protection 


As needed 


To be 
determined 





TABLE 4-2 CALIBRATION SP 


ECIFICATION 


Instrument 


Gas 


Reading 


Determinator PID, 10.2 eV Lamp 


100 ppm isobutylene in air 


100 ± ppm 


Bacharach Sniffer 301 CGI 


2.5% methane in air 


50% LEL 
± 5% LEL 


+ 0 2 meter 


Normal ambient air 


20.9% 


Century OVA-88 


Double internal calibration 
points 


100 ppm 
100,000 ppm 
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PROCEDURES 



Centech International has learned valuable lessons throughout its performance history that 
have enhanced our ability to satisfy regulatory compliances as we integrate comprehensive 
procedural checks and balances, and applicable regulatory standards into each functional 
area of operations as referenced in the following documentation of Centech's Pre- 
Qualification submittal. SEE PREVIOUS ATTACHMENTS: Section Six-Attachments 2, 
4, 5 and Section Three-Continuations. 



1 .0 Responsibility for Compliance 

1 .1 Centech International (CI) shall communicate these guidelines, as well as any 
other health, environmental and safety requirements provided by 
EMPLOYER, to all of its employees, subcontractors, and the employees of its 
subcontractors. 

1.2 Centech International (CI) shall also require its subcontractors to comply with 
such health, environmental and safety laws, rules, regulations and standards 
and any other requirements specified by EMPLOYER in connection with the 
performance of work and shall be responsible for ensuring such compliance 
by its subcontractors. 

1.3 Prior to the commencement of any work activity, Centech International shall 
provide EMPLOYER with the name and qualifications of its qualified 
representative(s) and those of its subcontractors who will be responsible for 
health, environmental and safety protection at the job site(s). 

2.0 Health, Environmental and Safety Protection 

2.1 Prior to the commencement of any work activity, Centech International shall 
submit a HSE Protection Work Plan to EMPLOYER for review. The Plan shall 
describe the health, environmental and safety issues and risks associated 
with the work, and environmental programs in place to address these issues 

2.2 Centech International's HSE Protection Work Plan shall be based on, and 
comply with, applicable laws, decrees, administrative rules and regulations, 
relevant policy and operating procedures. 

2.3 Prior to starting a project, Centech International's HSE representative shall 
participate in a safety, health, and environmental protection orientation with 
the EMPLOYER'S designated on-site manager. 



2.4 Centech International shall not start work without a HSE Work Plan, that has 
been accepted in writing by Centech International and EMPLOYER. 

Prior to starting any work, Centech International shall perform a Job Safety 
Analysis ("JSA"). The JSA shall (i) carefully study and record each step of a 
job, (ii) identify existing and/or potential equipment, environmental, or action- 
generated job hazards, and (iii) determine the best way to perform the job to 
reduce or eliminate hazards. Incident The JSA shall be developed and/or 
reviewed by and fully understood by all persons who will participate in the 



performance of the work. A copy of each JSA and documentation showing 
that the JSA has been communicated to and fully understood by all workers. 

Centech International shall participate in a Behavioral Based Safety Process 
which shall include: 

Identification and documentation of critical safety behaviors 
Training personnel to observe co-workers for safe (and questionable or at- 
risk) performance 

Making observations of co-workers for safe (and questionable or at-risk) 
performance 

Feedback after completion of the observation 

Collection and documentation of observation and feedback data 

Perform trend analysis 

Action planning 

Follow-up on action plans 

All observations, feedback, and recommended corrective actions shall be in 
writing. Centech International shall evaluate observations of questionable or 
at-risk activities in order to determine if the JSA requires modification to 
further mitigate risks. Centech International shall update, document, and 
communicate any changes in the JSA prior to performing the work. 

Entrance To Property 

While performing work on EMPLOYER premises, Centech International shall 
comply with all security requirements. 

Centech International Representative, immediately after notification of award 
of a job will arrange for pass badges for each employee, vehicle entry 
permits, and instructions on how the pass system operates. 

Centech International shall advise all employees as to the entrance area 
and/or parking facilities, if any, to be used by company, its employees, 
agents, and Subcontractors. Centech International shall ensure that only 
those persons having authorized business in connection with the 
performance operation are allowed on the work site. 

Centech International, its employees, agents, and Subcontractors shall 
observe the posted speed limit, or if not posted, a safe speed in light of 
existing conditions and shall follow any other safe driving practices as may be 
applicable. 

Work-site Permits 

Prior approval is required for the following work activities: 
Working on existing equipment 

Using a torch, spark generator, electrode, melting pot, forge, electric motor, 
soldering iron or any open flame. 

Closing walkways, roads or restricting traffic. (Proper warning signs shall be 
used .) 

Using utilities such as compressed air, steam, water, or electricity. 
Sandblasting, grinding, or spray painting. 

Storing flammables, such as gasoline, oils, paints. Oxygen and presto bottles, 
etc. 

Walking or working upon any roofs over buildings or equipment. 

Working any time at variance with the regular schedule agreed upon at start 

of job . 

Disposing of rubbish, scrap materials, and materials left over from job. 

Expected material deliveries. 

Repairing equipment on work-site property. 



Pressure Testing 

Centech International personnel and its subcontractors shall not test pipes or 
pressure vessels using compressed air or gas or service fluid, except after 
prior approval. 

Equipment 

Centech International personnel shall operate all operate equipment, valves, 
switches, or electric circuits in accordance with established regulatory 
requirements. 

Hazardous Materials 

Centech International, and its subcontractors shall ensure the safe and 
proper environmentally sound storage, transportation, identification, security 
safety, and handling of hazardous materials used in performance of the work 
while under their charge or control. 

Centech International, shall maintain Material Safety Data Sheets (MSDSs) 
for all chemicals and other hazardous materials used in performance of the 
work, and shall perform all work consistent with the use specifications and 
other information in such MSDSs. 

All chemicals and other hazardous materials used in performance of the work 
shall be maintained in their original containers or other containers properly 
labeled in accordance with OSHA HAZCOM requirements and other state or 
local requirements. Water supplies shall be labeled "potable" or "non-potable" 
as appropriate. 

Ladder Safety 

The following practices apply when ladders are used in the performance of 
work: 

Face the ladder and have both hands free. 

Do not overreach, and never slide down the ladder. 

Keep soles of shoes free from excessive oil or water. 

Do not step on any rung or step higher than the third from the top of any 

portable stepladder. 

Never place a ladder in front of a door or passageway unless door is locked 
or guarded. 

Never place a ladder against a windowpane. 
Never place a ladder against a shaky structure. 
Make sure ladder is stable and on solid footing. 

Fire Protection 

Centech International, and its subcontractors shall take all reasonable 
precautions to prevent fires. Paper, rags, trash, and other combustible 
materials shall be exposed of only in safe containers. 
All applicable Fire & Safety regulations will be adhered to by all Centech 
International employees and its Subcontractors. 

Flammable liquids, such as gasoline, kerosene, and fuel oil, shall be stored in 
industry-approved metal containers designed specifically for handling these 
liquids. Such flammable liquids shall be stored away from possible sources of 
ignition in accordance with recognized industry standards or guidelines. 

Portable fuel containers r shall be placed on the ground prior to 

filling in order to safely dissipate any static charge that may develop during 

filling. 



9.3 



NO EMPLOYEE shall alter or tamper with fire protection equipment or render 
it inaccessible. 



9.4 No employee or subcontractors shall open or close hydrants or main 
water valves except after prior notice from the appropriate representative 
or in the case of emergency. 

9.5 Any leak or indication of gas around piping or vessels shall be immediately 
report to designated authority. All "hot work" in the area ceases immediately 
upon the discovery of a hazard. 

9.6 Centech International shall ensure that all personnel receive training in fire 
and safety prevention, protection, medical aid, and emergency procedures. 

10,0 Personal Protective Equipment & Supplies 

The CONTRACTOR and its subcontractors shall provide its own first aid 
personnel, equipment, and supplies which shall meet requirements of local, 
state, and federal regulations unless otherwise agreed by the parties in 
writing. 

10.2 Centech International and subcontractor personnel on the job site shall wear 
appropriate personal protective equipment, including but not limited to, fall 
protection, steel-toed and shanked safety shoes, hard hats, safety glasses 
(with side shields) and additional personal protective equipment (hearing 
protection, respiratory protection, face shields, hand protection) as may be 
required by the nature of the work and/or as specified by applicable 
regulations and industry standards. The required personal protective 
equipment shall be identified in the HSE Protection work plan and the JSA for 
the work to be performed. When specialized personal protective equipment is 
required, signs shall be posted specifying where personal protective 
equipment use is required. 

10.3 All personal protective equipment shall be used and maintained in 
accordance with manufacturer recommendations. 



Incident Reporting 

Incident accountability shall promptly and accurately report all on-the-job 
incidents / injuries to the appropriate representative or proper governmental 
authorities where required; and shall report and document all potential 
hazards, unsafe conditions, and unsafe acts. All near-miss reports shall be 
provided to the appropriate representatives. 

11.2 On-the-job incidents / injuries shall be immediately reported; and confirmed 
in writing within twenty-four(24) hours after the incident occurs. This includes 
fatalities, injuries, fires, releases of hazardous substances, motor vehicle 
accidents, and damages. 

1 1 .3 Centech International shall maintain and file required incident forms pursuant 
to procedures as required by law, decree, administrative rule or regulation, or 
other legally binding policy interpretation or pronouncement of a legal 
jurisdiction or authority. 

1 1 .4 Written summaries of all incidents affecting safety and spills shall be provided 
monthly to safety representative, monthly, unless otherwise specified. A Root 
Cause Analysis (RCA) shall promptly be performed after the occurrence of an 
incident and provided to HSE representatives as applicable. RCA is required 
when: 

a. An incident results in an OSHA recordable injury or fatality. 

b. A hazardous material or petroleum release spills 1 gallon or greater on land 
or results in a sheen on water. 



11.0 

11.1 



c. A discharge exceeds National Pollutant Discharge Elimination System 
(NPDES) guidelines or permits. 

d. A fire occurs. 

e. After motor vehicle accident takes place. 

f. A "near miss / loss" or minor incident occurs, which, under different 
circumstances, would have resulted in a serious injury, reportable spill, 
property loss, fire, or motor vehicle crash. 



g. An incident occurs frequently. 

h. A significant financial incident occurs, e.g., equipment failure. 
1 1 .5 To conduct an RCA, include at least the following six steps: 

a. Describe what happened, when, and where. 

b. Determine the actual and potential loss or losses 

c. Determine the root causes of the incident. 

d. Determine the risk of recurrence. 

e. Develop controls to reduce the risk of recurrence. 

f. Communicate the lessons learned 



12.0 Environmental Protection 

12.1 Centech International shall prevent spills or releases of oil or chemical 
substances on land, water or air. Pollution prevention shall be a routine part 
of Centech's business and work activities. 

12.2 Centech International shall exercise all necessary care to protect and 
preserve the environment, including flora, fauna and other natural resources 
or assets at any location where the work is performed; shall minimize and 
mitigate unavoidable impacts to the local environment. 

12.3 CI shall assess the environmental hazards of materials and supplies used in 
conjunction with the work and shall use substitute materials presenting less 
risk whenever possible. 

12.4 CI shall keep a reasonable degree of order by properly disposing of 
accumulated rubbish and waste materials. CI and its subcontractors shall 
start site cleanup and remediation immediately upon completion of work at 
that site. 

12.5 Unless otherwise approved, Centech International shall prohibit its employees 
from hunting, disturbing, or capturing native birds, fish or other animals in the 
vicinity of the work site. 



12.6 Centech International shall not remove trees and vegetation to an extent 
greater than is necessary for the work, as determined by established 
regulatory guidelines or in accordance with the applicable permit. Whenever 
feasible, topsoil shall be stockpile for subsequent use in site restoration. 

12.7 Loading and drainage connections to fuel storage tanks shall be are either 
plugged or locked in the closed position when not in use, and fuel dispensing 
nozzles are self-closing. 

12.8 Oil, solvents, chemicals, etc. shall not be discharged to water bodies or onto 
land. 

12.9 Centech International shall comply with all federal, state and local laws, rules, 
regulations, agency policies and guidance documents relating to pollution or 
protection of the public health and the environment including, but not limited 



to, the emission, discharge, release, manufacture, processing, distribution, 
use, treatment, handling, storage, disposal, or transportation of substances, 
materials, pollutants, contaminants, chemical, solid waste, and/or hazardous 
substances. 

13.0 Miscellaneous 

13.1 Centech International prohibits the use, possession, distribution, or sale of 
illegal drugs and controlled substances used by any person at any time. 
However, prescription medication that is obtained by a valid prescription and 
that does not impair work performance is exempted from this prohibition. This 
prohibition also applies to the use, possession, distribution, or sale of 
unauthorized alcohol, firearms, and explosives. Individuals found in violations 
shall be removed from premises immediately, and, if warranted individuals 
will be reported to the appropriate law enforcement agencies. 

13.2 Compressed gas cylinders shall be secured in place on a regular cart or 
chained to a support in an upright position. All cylinders not in use shall be 
protected with protective valve caps. Compressed oxygen and flammable 
gases shall not be stored near combustible materials, but shall be stored in 
accordance with facility safety procedures and local, state, and federal 
regulations. 

13.4 No firearms, ammunition, or deadly weapons are permitted on work site 
property except as may be authorized by appropriate authorities for security 
purposes to ensure adequate protection of property. 

13.5 Centech International shall ensure that their personnel abide by existing 
state, federal, and local occupational health, safety, and environmental 
regulations. 



14.0. Waste Analysis 

a. (1 ) Waste analysis may be performed by the generator of the waste, the treatment 
facility, independent laboratory, or any combination of these. Depending on the waste 
type concern, the objectives for testing wastes may include: 

► Verifying that the waste is an Energy & Production (E&P) waste and is approved for 
disposal at the facility; 

► Verifying that a non-exempt waste is non-hazardous (testing for hazardous 
characteristics); 

► Identifying potential community issues, such as odor or visible emissions; and 

► Identifying potential safety or environmental hazards to site employees or surrounding 
area. 

(2) As specific testing criteria are established by federal, local, and industry regulations, 
or by permit conditions; consideration to limit the potential of future liability through 
prudent testing is often employed. For many established customers, knowledge of the 
process or source of the wastes, or an initial waste profile, may be all that is necessary. 
Centech employs the following spot-check standard to it customers or for new waste 
streams: 

Visual observations; 
pH checks; 

Conductivity or chloride testing; 

Testing of the vapors for flammability or hydrocarbon content; and 
Testing of vapors or liquid for reactive sulfides. 



► 
► 
► 
► 
► 



There are a variety of published data sources that may provide an indication of the 
constituents of various E&P waste streams. While these cannot substitute for knowledge of 
the specific waste being treated, they may assist facilities in determining the types of wastes 
to be accepted/or treated and which waste streams, if any, may be appropriate for testing. 

b. Sampling and analysis. 



(1) Existing workplans. Sampling and analysis for sites subject to an approved workplan 
shall be conducted in accordance with the workplan and the sampling and analysis 
requirements described in this rule. 

(2) Methods for sampling and analysis. Sampling and analysis for site investigation or 
confirmation of successful remediation shall be conducted to determine the nature and 
extent of impact and confirm compliance with appropriate allowable concentrations. 

c. Field analysis. Field measurements and field tests shall be conducted using appropriate 
equipment, calibrated and operated according to manufacturer specifications, by personnel 
trained and familiar with the equipment. 

d. Sample collection. Samples shall be collected, preserved, documented, and shipped 
using standard environmental sampling procedures in a manner to ensure accurate 
representation of site conditions. 

e. Laboratory analytical methods. Laboratories shall analyze samples using standard 
methods (such as EPA SW-846 or API RP-45) appropriate for detecting the target analyte. 
The method selected shall have detection limits less than or equal to the allowable 
concentrations. 

/. Background sampling. Samples of comparable, nearby, non-impacted, native soil, 
ground water or other medium may be required by the Director for establishing background 
conditions. 

g. Soil sampling and analysis. 

(1) Applicability . If soil contamination is suspected or known to exist as a result of 
spills/releases or E&P waste management, representative samples of soil shall be collected 
and analyzed in accordance with this rule. 

(2) Sample collection . Samples shall be collected from areas most likely to have been 
impacted, and the horizontal and vertical extent of contamination shall be determined. The 
number and location of samples shall be appropriate to the impact. 

(3) Sample analysis . Soil samples shall be analyzed for contaminants listed as 
appropriate to assess the impact or confirm remediation. 

(4) Reporting . Soil Analysis Report Form, shall be used for documentation results of soil 
analyses. 

(5) Soil impacted by produced wate r. For impacts to soil due to produced water, 
samples from comparable, nearby non-impacted, native soil shall be collected and analyzed 
for purposes of establishing background soil conditions including pH and electrical 
conductivity (EC). Where EC of the impacted soil exceeds the allowable level the sodium 
adsorption ratio (SAR) shall also be determined. 

(6) Soil impacted by hydrocarbons . For impacts to soil due to hydrocarbons, samples 
shall be analyzed for TPH. 

h. Groundwater sampling and analysis. 

(1) Applicability . Centech personnel shall collect representative samples of ground water 
& expedite analysis in accordance with these rules under the following circumstances: 

i. Where ground water contamination is suspected or known to exceed the allowable 
concentrations 



ii. Where impacted soils are in contact with ground water; or 

iii. Where impacts to soils extend down to the high water table. 

(2) Sample collection . Samples shall be collected from areas most likely to have been 
impacted, down gradient or in the middle of excavated areas. The number and location of 
samples shall be appropriate to determine the horizontal and vertical extent of the impact. If 
the allowable concentrations are exceeded, the direction of flow and a ground water gradient 
shall be established, unless the extent of the contamination and migration can otherwise be 
adequately determined. 



(3) Sample analysis . Ground water samples shall be analyzed for benzene, toluene, 
ethylbenzene, xylene, and API RP-45 constituents, or other parameters appropriate for 
evaluating the impact. 

(4) Reporting . Water Analysis Report Form shall be used for documentation results of 
water analyses. 

(5) Impacted ground water . Where ground water contaminants exceed the allowable 
concentrations, Centech shall notify the Designated Representative and submit to the same 
prior approval a Site Investigation and Remediation Workplan Form, for the investigation, 
remediation, or monitoring of ground water to meet the required allowable concentrations. 

i. Cross-media impacts 

The overall goal of waste treatment is to reduce the volume or the toxicity of waste that has 
been accumulated or delivered to a facility so that the waste can be disposed without harm 
to human health or the environment. In treating a waste stream, Centech will assure that the 
potentially harmful components are not inadvertently being transferred from one media to 
another. Our selection of the three-phase centrifuge treatment method for waste type and 
volume in conjunction with a pre-approved plan ultimate disposal method ensures effective 
quality control for these factors allowing for safer and more effective waste management, 
resulting in decreased exposure of waste components to human health and the environment. 

j. Secondary disposal 

Some waste treatment processes result in residual material. This residual, post-treatment 
waste should be disposed of in ways that minimize any adverse impacts to human health 
and the environment. Re-use or recycling of residual material is desirable where feasible, as 
regulatory guidelines specify constituent levels that must be met for residual material to be 
re-used. Potential re-uses of residual material include landfill cover and fill dirt for road 
building or other construction activity. Centech will keep records of the volume of residual 
material moved off-site, any analyses of the residual material, its intended use, and ultimate 
location. 

1.0 Health and Safety Risk Analysis (Health, Safety, & Environmental) 
All persons working on the site will observe all applicable rules and regulations established 
by the Environmental Protection Agency (EPA), the Occupational Safety and Health 
Administration (OSHA), and other applicable regulatory guidelines. 

Work at the site is associated with a variety of hazards, both physical and chemical. The 
purpose of this plan is to reduce the risks of working on the site. The preferred method is to 
eliminate the hazard, whenever practicable; the second choice is to use engineering 
controls; the Last choice is to use personal protective equipment. The general hazards to be 
encountered on the site, and the procedures to reduce these hazards, are presented below. 
The first task at the site shall be to gather miscellaneous debris scattered throughout the 
Work and Treatment Zones and store it in the Staging Area. Existing scaffolds and elevated 
walkways will be evaluated. Those items unnecessary to site operation and posing a 
potential hazard will be dismantled. Those items necessary to operation will be examined 
and repaired, as needed. Thereafter, the Project Site Manager will make weekly 
examinations of the structures and ensure proper maintenance. Potential site hazards have 
been grouped into four categories: heavy equipment, fire, other physical hazards, and 
chemical hazards 



1.2 Heavy Equipment 

Some of the most hazardous situations that may occur are associated with heavy 
equipment operation. The following requirements are intended to alleviate these hazards. 

► Operators must be qualified on equipment; documentation will be required. 

► Heavy equipment must be kept at least 15 feet away from poles that support overhead 
power lines. 

► Back-up alarms are required. 



► Personnel must make eye contact with the operator before approaching the equipment. 

► Operators must wear seat belts when they are available. 

1.3 Fire/Explosion Hazards 

Onsite personnel may be exposed to fire/explosion hazards at any time. These hazards 
include: 

► Excavating into underground tanks containing liquid petroleum hydrocarbons or fumes; 

► Excavating into underground pipelines carrying liquid petroleum hydrocarbons or fumes; 

► Dismantling and removing above-ground storage tanks containing liquid petroleum 
hydrocarbons or fumes; 

► Generation of hydrocarbon vapor clouds during tank-emptying activities; 

► Sparking of combustible petroleum hydrocarbons in the air, in soil gas, on soils; and 

► Equipment fires. 

1.3.1 Ignition Sources 

Because of the flammable nature of hydrocarbons, ignition sources other than the treatment 
units will be kept out of the Work Zone and Treatment Zone: 

► No matches or cigarette lighters are allowed in the Work or Treatment Zones. A hot- 
work permit will be required for open-flame work. 

► Internal combustion engines must not be operated in the Work Zone while hydrocarbon- 
contaminated solids or liquids might be brought to the surface; alternatively, they must be 
equipped with spark arresters. 

► Intrinsically safe hand, electrical, and mechanical (non-sparking wrenches, etc.) shall be 
used when working on drums and while working in the Work Zone. 

► Explosion-proof instruments and system-wide electrical grounding will be used to 
prevent fires. 

1.3.2 Fire Precautions 

Subcontractors on the site shall comply with all requirements of this document and of the 
Uniform Fire Codes, and KOC-Fire & Safety Regulations in providing temporary storage of 
materials used in their treatment processes. All vehicles in the Work and Treatment Zones 
must be equipped with an appropriate fire extinguisher. 

The following additional precautions will be observed to minimize the potential for fire or 
explosion: 

► Excavation will proceed slowly for the first five feet to minimize damage to underground 
lines. 

► Combustible gas measurements will be taken regularly during the excavation of a tank 
and during tank entry. 

► Tanks shall be vented or purged before fluids are removed; if Ere, smoke, or heat 
emanates from any tank or excavation, personnel will evacuate the vicinity immediately; 
work will not resume until the signs of fire or explosion have disappeared. 



► If total organic vapors exceed 10% of the lower explosive limit (LEL) in the Work Zone, 
personnel will stop work and move upwind. Measures (such as a nitrogen gas purge) will be 
taken to subdue combustible vapor emissions. 

1.3.3 Fire-Fighting Equipment 

Fire extinguishers (type BC or equivalent) and fire blankets will be located on posts 
throughout the Work Zone. However, fire extinguishers are to be used only in the incipient 
stages of afire. Fire extinguishers shall be inspected periodically and maintained in 
operating condition. 

1.3.4 No Smoking Area 

No smoking is permitted within the site perimeter fence. 

1.4. Other Physical Hazards 

Feasible engineering controls shall be utilized to protect employees against excessive noise, 
in accordance with 29 CFR 1910.95 {see Table 1-1). The noise will be monitored throughout 
the site. Noise levels that exceed an 8-hour time-weighted average of 85 decibels require a 
haring conservation program. 

1.5 Buildup of Explosive Gases 

The presence of combustible/explosive gases will be monitored whenever the potential 
exists for their accumulation. Further action will be taken if the level exceeds 10% of the 
Lower Exposure Limit (LEL). The OSHA limits of employee exposure to chemicals; found 
primarily in 29 CFR 1 91 0.1 000, Table Z-1 . 

1.6. Splashes 

Shower and eye wash facilities will be available in the office trailer in the event of an 
emergency. If the MSDS for any chemical brought onsite calls for an eyewash, an eyewash 
station shall be established in the immediate vicinity of that chemical's use. 

1.7 Pits 

The pits will be covered with netting most of the time. Work at the pits will be performed 
remotely whenever practical. Caution must be exercised near the pit edges. A lifeline will be 
available at the pit when work is in progress there. 

1.8 Propane Tanks 

Propane tanks shall comply with OSHA 29 CFR 1910.106 and with appropriate fire codes. 

1.9 Fugitive Dust 

A potential hazard on the site will be nuisance dust, especially in the warm months during 
windy conditions. Monitoring of airborne particulates will be performed on the site and 
evaluated for associated health risks. If the airborne particulate level approaches permissible 
exposure limits, dust-control measures will be implemented. The use of respirators will be 
required if the situation presents a health hazard. See Section 2.3 Heavy Metals. 

2.0 Chemical Hazards 

Potentially hazardous chemicals that have been detected on the site include those shown in 
Table 1-2. The maximum concentration found on the site and the location of that 
concentration are given. Also shown are the recommended exposure limits (REL.) 
determined by the National Institute for Occupational Safety and Health (NIOSH) and the 
OSHA time- weighted average permissible exposure limits (PEL). 

2.1 Chemicals 

Any chemicals brought to the site must be accompanied by material safety data sheets 
(MSDSs), to be located in the office trailer and made available to all site personnel. 
Protective equipment, including eyewash stations, shall be provided as specified in the 



MSDSs. Each subcontractor is responsible for providing hazard communication training to its 
employees regarding these chemicals. 

2.2 Petroleum Products on Site 

The chemical products on the site consist primarily of petroleum products. Material data 
safety sheets (MSDSs) will be provided for all identified products located on the site. 
Evaluations indicate that the most likely chemical hazard is benzene. Because analytical 
data may reveal the presence of sulfur and because hydrogen sulfide is a common hazard 
associated with crude oil, hydrogen sulfide will also be monitored. Direct reading tubes will 
be used to monitor for these substances. 

2.3 Heavy Metals On Site 

An evaluation will be performed to identify if any of the metals cited in Table 2-1 might pose 
a health hazard to personnel on site. Arsenic, for example, is found in the soil and could be 
inhaled on particulates during dry, windy days. However, before the arsenic in the dust 
would exceed its permissible exposure limit, the nuisance dust itself would have far 
exceeded both the permissible exposure limit and tolerable levels. In other words, dust and 
not arsenic-laden dust — is the primary concern. If sources of contamination at higher 
concentrations are identified on the site, this conclusion could change. Centech is cognizant 
of potential exposure pathways and will be alert to new information. 

3.0 Personal Protective Equipment 

Level C and D protection shall be available for use on the site. 

Level D protection is the minimum protection required in the Work and Treatment Zones. 
Level D will be satisfactory when: 

► the atmosphere contains no know hazard 

► the work functions contain no risk of splashing, immersion, inhalation, or contact with 
hazardous chemicals, and 

► atmospheric concentrations are below one-half the threshold limit value for 
contaminants 

Level D protection will consist of the following items; all of which meet applicable standards 
set by the American National Standards Institute (ANSI). 

► sturdy work shoes or ANSI approved safety-toed shoes/boots 

► hard hat 

► safety glasses 

Level C adds the use of respiratory protection, all certified by the National Institute for 
Occupational Safety and Health (NIOSH): 

► full-face or half-face, air purifying respirator 

► combination organic vapor/HEPA filter cartridge 

Respirator protection will be required when the photoionization detector (PID) reading in 
ambient air exceeds 100 ppm TOV or when the dust monitor or indicator tubes reveal 
exposure levels exceeding permissible exposure limits. An indicator tube will be used to 
measure benzene concentration whenever the PID level exceeds 5 ppm above background. 

4.0 Air Monitoring Program 

Air monitoring will be performed in accordance with OSHA 29 CFR 1910.120(h) to evaluate 
air quality in order to: 

► determine the appropriate protection required for site workers, 

► identify areas where protection is needed, 

► assess the potential health effects of exposure, and 

► determine the need for specific medical monitoring 

► air monitoring will also be used to establish background or baseline levels 



4.1 Air-Monitoring Equipment 

The equipment shown in Table 4-1 will used. The table summarizes the intended use of 
each instrument, action levels, frequency of calibration, and equipment limitations. 

4.2 Calibration Specifications 

The equipment will be calibrated using the specifications shown in Table 4-2. 

4.3 Personal Monitoring 

To confirm that individual worker exposure is below permissible limits in Level D protection, 
Centech will administer a personal monitoring program. This monitoring will occur at least 
annually. During work operations, the person deemed to have the highest exposure to 
organic vapors will be equipped with personal monitoring devices to measure such 
chemicals as benzene, toluene, xylene, and ethylbenzene. If the monitoring reveals no 
dangerous exposure, then all persons performing similar work will be assumed to be safe in 
Level D protection. 

Personal dust monitoring will be done for a person working in the most dusty area. Exposure 
to arsenic, lead, cadmium, and chromium will be measured to confirm that Level D protective 
measures are adequate. 

5.0 Decontamination Procedures 

Decontamination is necessary both to protect workers from hazardous materials and to 
minimize the transfer of these materials to clean areas or off the site. Decontamination is 
conducted both as a quality assurance measure and a safety precaution. Prevention is the 
first step: 

► avoid areas of obvious contamination 

► avoid getting contamination on skin or clothing 

► wear disposable clothing when appropriate 

All equipment entering the Work Zone shall be decontaminated before leaving the site. All 
persons entering the Work Zone or the Treatment Zone shall decontaminate before entering 
the "Clean Area". Materials generated during decontamination will be collected and disposed 
of in accordance with applicable federal and state regulations. 

5.1 Decontamination of Personnel 

A decontamination room will be available in a designated area. All persons entering the 
designated area from the site shall enter through the decontamination end and apply 
appropriate decontamination measures before entering the clean area. A change room, sink, 
and shower are available for use. 

Disposable clothing shall be removed in the following order: boots, gloves, and then cover 
suit. Personnel shall place disposable clothing items in the designated waste container. 
Contaminated boots shall be left outside the trailer. Work boots shall be dry-brushed to 
remove soil. Hands shall be thoroughly washed with soap and water, rinsed, and dried. 

5.2 Emergency Decontamination 

Injured personnel may require decontamination before being transported to the hospital. 
However, if prompt, life-saving first aid and medical treatment are required, decontamination 
procedures should be omitted. Response personnel should accompany contaminated 
victims to the medical facility to advise on matters involving decontamination. 

If the situation permits, the outside garments can be removed. Respirators and backpack 
assemblies must always be removed. Chemical-resistant clothing can be cut away. If outer 
contaminated garments cannot be safely removed, the individual should be wrapped in 
plastic, rubber, or blankets to help prevent contamination of the ambulance and medical 
personnel. Do not wash or rinse victim at the site, unless it is known that the individual has 
been contaminated with an extremely toxic or corrosive substance that could cause severe 



injury or death. For minor medical problems or injuries, use the normal decontamination 
procedures. 

5.3 Decontamination of Sampling Equipment 

All sampling and monitoring equipment used on the site will be decontaminated under the 
procedures specified in the WWC Standard Operating Procedure #89-05, contained in 
Appendix B. 

► Standard Procedures 

1) Remove any solid particles from the equipment or material by brushing and then 
rinsing with tap water. This initial step removes gross contamination. 

2) Wash equipment with soap or detergent solution. 

3) Rinse with tap water. 

4) Rinse with distilled or deionized water. 

5) Repeat entire procedure or any parts of the procedure if necessary. 

6) Allow equipment to air dry before re-using. If equipment is not used immediately, wrap 
in aluminum foil to prevent the equipment from becoming re-contaminated. 

7) Contaminated materials and any wash water should be containerized and properly 
disposed of or treated. 



► Specific Decontamination Procedures (Submersible Pump) 

The following procedure will be used to decontaminate submersible sampling pumps prior to 
each use. 

A) Materials 

-- plastic upright cylinder (drum or capped length of pipe) 
-- 5-10 gallon plastic storage containers 

- acetone and dispenser bottle 

- deionized water and dispenser bottle 

- chemical-free paper towels 
-- clean plastic sheeting 

B) Procedure 

1) Clean the upright plastic cylinder with appropriate cleaning solution and/or solvent, 
followed with a deionized water rinse. Wipe off any free liquids after each rinse. 

2) Remove the pump from the previous well if necessary. Wipe the power cord and 
discharge line dry with chemical- free disposable paper towels. 

3) Reverse pump to backwash residual liquid in the pump tubing. The pump should be 
shut off as soon as intermittent flow is observed from the reverse discharge. 

4) Place the pump on a clean surface or hold off of the ground. 

5) Wash and rinse the stainless steel submersible down-hole pump section with liberal 
applications of the appropriate solutions and/or solvents and wipe dry. 

6) Place the submersible pump section upright in the cylinder and fill the cylinder with 
tap water, adding appropriate amounts of cleaning solution. 

7) Activate the pump in the forward mode, withdrawing water from the cylinder. 

8) Continue pumping until the water in the cylinder is pumped down and air is drawn 
through the pump. Shut off the pump immediately. 

9) Remove the pump from the cylinder and place the pump in the reverse mode, 
allowing all removable water to be discharged as cited in item 4 above. 

10) Using the water remaining in the cylinder, rinse the sealed portion of the power cord 
and discharge tube by pouring the water carefully over the coiled lines. 

11) Place the pump in the well casing and wipe both the power and discharge lines dry 
with clean paper towel. 

To ensure the efficiency of decontamination procedures, a specified number of equipment 
field blank samples shall be collected using cleaned submersible pump. The blank will be 
analyzed for the same parameters as the ground-water samples. 
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HSE AUDIT 



HEALTH, SAFETY & ENVIRONMENT AUDIT PROGRAM 

The Centech International HSE Audit Program will be comprised of teams of professionals 
from Corporate and the businesses. Where teams cannot be assembled due to availability of 
resources or need of special expertise, contractors will be used to supplement the audit 
team. Annual budgets should include funds for audit participation. 



Management Systems 

Management Systems provide the foundation for a consistently effective HSE process; 
guidance and direction for employees and organizations; expectations that are understood; 
and a method of controlling occupational injuries / illnesses, environmental incidents and 
costs. 



HSE Management Systems 

► Management Commitment & Direction 

► Employee Roles and Responsibility 

► Hazard Control & Risk Assessment 

► Laws and Regulations 

► Education and Training 

► HSE Communication 

► Rules & Procedures 

► Emergency Planning and Medical Surveillance 

► Documents & Records 

► Contractor and Vendor (Supplier) Management 

► Product Safety 

► Security & Travel Safety 

► Audit and Inspections 

► Incident Investigation & Reporting 

► Process Assessment & Improvement 



HSE Management Systems Audit Process 

• Opening Conference 

• Executing the HSE Management Systems Audit 
S reviewing the site's existing HSE process 

S evaluate how the site is executing CI's HSE Management Systems 
S interview employees at all levels of the organization; and verify and provide 
recommendations to improve the site's HSE process 

• Put together "DRAFT" report and score 

• Closing Conference 

• Six (6) month follow-up reviews 



HSE Management System Audit Scoring 

Each HSE Management System element receives a score. This helps the site prioritize their 
resources and what to focus on first. 

The site receives an overall Audit score. This provides the site with a baseline of how well 
they are executing Centech International HSE Management Systems. 

Scores are also being used to validate our Safety Management Systems -- (score compared 
to site performance) 

HSE Management System Closing Conference 

The HSE Audit Team will review the draft report which includes: 

• the site's present status as it relates to their HSE process 

• recommendations identified to improve their HSE process scores (individual and 
overall) 

Site responsibilities include: 

• developing an action plan for recommendations 

• submit final report and action plan to division manager and Corporate Director EHS 

• Six (6) month reporting via database 

HSE Management System Audit Database 

□ Access Database Program 

□ Contains all aspects of the HSE Management Systems Audit Program 

s HSE Management Systems Questions 

S Field Notes 

S Final Report 

S Recommendation Reports 

S Tracking of "open" audit findings 

S Generates charts and graphs 

LESSONS LEARNED 

1. Centrifuge Expert Fuzzy Logic Intelligence: 

Because the s&w content of reclaimed oil must be below a particular limit, feed rate and feed 
temperature must be adjusted accordingly. Designated an automatically controlled three- 
phase centrifuge, Centech combines an expert fuzzy controller with a centrifuge. Running on 
a portable to ensure computer, the fuzzy controller duplicates human expertise in operating 
the machine. The controller is based on artificial intelligence (for the analysis of expert 
judgment) and adjusts operating conditions to give consistency to the quality of recovered 
oil, reduces maintenance & process costs, allows continuous measurement and 
simultaneous changes of important parameters such as (s&w, feed temperature, and feed 
rate); and eliminates the need for numerous time-intensive sample collections & analysis per 
day. The automatic controller gives the centrifuge a competitive edge in the steadily growing 
environmental clean-up market minimizing the need to change the properties of waste prior 
to treatment and serving as an effective tool in training operators in centrifuge waste 
remediation. 

See Attached Documentation: 
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ABSTRACT — In this work we describe a signal filter for a feed-forward controller based on the application of 
fuzzy logic, combined with statistical process control (SPC). The feed-forward controller is for a three-phase oil 
field centrifuge. The centrifuge system is used to separate meta-stable three-phase oil and water emulsions that 
are stabilized by solids. These emulsions are considered to be unusable wastes and must be disposed of in an 
environmentally acceptable manner. The centrifuge is capable of turning these wastes into clean saleable oil, 
water that can be reused in an operating process or re-injected into oil wells, and solids that can be disposed of 
in landfills. 

The feed-forward controller is used for feed disturbance rejection. It works in conjunction with, and is capable 
of over-riding the actions of, a feedback controller. The measured feed variables for the feed-forward controller 
each exhibit reasonably large random fluctuations. It is therefore quite important to use a signal filter that truly 
recognizes the difference between random noise and a "caused" event, in order to prevent over-riding a 
perfectly good correction from the feedback controller. 

Key Words: centrifuge, fuzzy logic, feed-forward control, signal filter, statistical process control (SPC) 

1. INTRODUCTION 

The three-phase centrifuge described in this study is a one-of-a-kind portable system used in oil fields 
to recover oil and eliminate wastes from tank bottoms. These wastes are not considered hazardous. The 
centrifuge system is also used in refineries to recover oil and eliminate waste from refinery residue. These 
wastes are often considered hazardous. The feed to the centrifuge system is quite different in each of these 
cases. In fact, the feed in the oil field can vary dramatically from field to field, as it also does from refinery 
to refinery. This variable feed requires an adaptable filter for the signals to the feed-forward controller. 

The centrifuge feed will vary from site to site. Feeds can also change dramatically during even a single 
day of operation at any one site. Feed changes in the past have sometimes been so dramatic that they have 
plugged the centrifuge and shut the system down because the feedback control system did not change the 
operating parameters quickly enough. 

The system should respond only to true changes and not to noise. The sampled systems are quite 
noisy; therefore, noise is part of the sampled variable. There is also sensor noise. In order to differentiate 
between true change and noise, we implemented an SPC control chart technique. The control charts used in 
this case were Individual and Moving Range charts [1]. Initial control charts are established each day at the 
beginning of a run as soon as steady-state operation is established. The control chart calculations determine 
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an average Individual sample from a run of about thirty samples. Control limits are established around the 
average value. The operator can set these limits for specific feed conditions, or use standard two and three 
sigma limits. The control chart calculations also estahlish an average Moving Range and upper control 
limit. These control charts are usually used for just one variable, but in our case we must measure three 
dependent variables; feed flow rate change, feed heater power requirement change, and the change in the 
feed basic sediment and water (BS&W) content. We must then determine if the combination of changes are 
noise or real feed property changes. For this purpose, we use a fuzzy rule-based system to determine a 
value for the Feed-Ckange-Magnitude. This is the value we used with the control charts. If the Individual 
values stray beyond the control limits, the Feed-Change-Magnitude is considered to be significant, and the 
feed-forward control is implemented. If the Moving Range data go beyond the control limits, it usually 
means a rapid short-term change or that sensor difficulties are coming into play. The Moving Range chart 
is available to the operator, but currently no automatic control action is implemented based on Moving 
Range data. 

2. BACKGROUND - CENTRIFUGE DESCRIPTION 

This centrifuge control problem provides an excellent demonstration for the use of fuzzy logic control. 
The separation of three physical phases by use of a centrifuge is difficult, if not impossible, to model 
mathematically because it is extremely nonlinear and complex. Since modeling is out of the question, it is 
difficult to apply classical PJD techniques to solve the control problem. The centrifuge, however, in the 
past has been kept under control by manual techniques applied by an expert operator. Rather than modeling 
the centrifuge, we modeled the expert operator using fuzzy logic expert knowledge techniques. 

This technique worked well and demonstrated the utility of fuzzy logic on a class of problems not 
easily solved by classical techniques. 

The control system includes a feed-forward controller, a fiizzy-SPC filter (the subject of this paper), a 
fuzzy soft- sensor, and a fuzzy conflict resolution code that all work in consort with a fuzzy feedback 
controller. 

Centech, Inc. has developed a novel, three-phase centrifuge process for the recovery of oil from tank 
bottoms and sludge. The process was the winner of a 1993 R&D 100 award and is protected by a 1992 
patent [2]. Centech has been in business for over a decade using this technology to successfully treat nearly 
1,000,000 barrels of tank bottoms and sludge including completion/work over, production, industrial, and 
refinery wastes. The process equipment is a one-of-a-kind, three-phase decanter centrifuge that only 
trained Centech personnel can successfully operate. Documented results show that this three-phase 
centrifuge is capable of separating tank bottoms and sludge into three product streams: pipeline quality oil, 
water with 2-3ppm total dissolved hydrocarbon, and land-fillable solids [3]. Unlike similar techniques, the 
Centech process can often achieve these 
separation levels without the addition of any 
separation- enhancing chemicals. The 
economic analysis of a field test near Hobbs, 
New Mexico demonstrated that the revenue 
received from the sale of the recovered oil 
negated the cost of the service, resulting in a 
break- even venture. The economic analysts 
did not include the reduction in liability 
associated with the reduction in waste 
volume. These savings normally amount to 
much more than the profit from selling the 
cleaned oil. However with dwindling oil 
reserves and rising oil prices, the money 
obtained from oil sales becomes significant. 
Figure 1 shows the Centech centrifuge 
during a field test at the Hobbs, New Mexico 
site. 

Figure 2 shows the centrifuge internals. The centrifuge consists of a spinning bowl that creates the 
centrifugal force that in turn provides the separation. This bowl is outlined in black and includes both the 




Figure 1. The Centech centrifuge on site in Hobbs, NM. 
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Figure 2. Centrifuge internals. 



cylindrical and conical sections of the centrifuge. The inlet components are separated by density (by 
centrifugal force) with the solid (shown as the dark colored phase near the outside wall of the centrifuge) 
being the densest. The water (shown as the lighter phase in the middle) is next in density. And the oil 
(shown as a dark phase near the auger) is the least dense. The auger is the fluted cylinder in the center of 
the centrifuge. The feed mixture enters the centrifuge through ports on the auger, shown as two dark dots 
in the figure. The auger spins at a different rotation speed than the bowl, continuously expelling the clean 
solids. Adjustable weirs control both liquid levels. The oil and the water are continuously being removed. 
Figure 3 shows the major components of the centrifuge system. 




Figure 3. Schematic diagram of the centrifuge system. 



The main components of the system are the centrifuge, the feed pump, feed heater, and product tanks. 
Sometimes the system includes a feed tank, but often the feed is taken directly from a waste pit or pond. 
The three controlled variables are the basic sediment and water (BS&W) in the product oil, the 
hydrocarbon content of the product water, and the hydrocarbon content of the product solid. The impurity 
limits for these three streams vary from state to state (in the United States) and sometimes even from site to 
site. For example, New Mexico requires the BS&W content of the oil to be 1% or less in order to be 
pipeline quality while Wyoming requires 0.3% or less. The major manipulated variables that affect this 
control are the feed pump speed, the feed temperature, the bowl speed, and the auger speed. Unfortunately, 
the current version of the centrifuge requires that it be shut down in order to change the bowl speed. At the 
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present time, most of the control is accomplished by manipulating the feed pump speed and feed 
temperature. 

The Centech technology provides an excellent solution to a serious environmental problem. It is 
capable of turning a waste product that is sometimes considered hazardous into a much needed and 
saleable product, pipeline grade oil But at least one hurdle must be overcome before Centech can offer 
this technology globally: The expertise of 



the Centech personnel must be 
encapsulated into an intelligent setup and 
control system paradigm. The Centech 
centrifuge is a highly nonlinear multi-input, 
multi-output system. Tank bottoms and 
sludge differ from site-to- site and tank-to- 
tank, resulting in unique and varying 
control parameters for each material 
processed. Figure 4 shows a typical pit 
containing waste oil. This particular pit is 
located near Hobbs, New Mexico. The 500- 
ft x 200-ft x 90-ft deep pit contains about 
one million barrels of oil that are tied up as 
an oil-water- solid emulsion. In many places 
this oil would be considered a hazardous 




waste, but after treatment by the centrifuge, Figure 4. A typical waste oil pit. 

it will be saleable at the current market 

price. 



3. THE CONTROL SYSTEM 

Currently Los Alamos National Laboratory control engineers are working with Centech Inc. The Los 
Alamos team has designed and is implementing a control system for the centrifuge based upon the expert 
knowledge of the Centech operators. The resulting expert-based control system, through the 
implementation of fuzzy logic, controls the quality of the oil produced by manipulating only the throughput 
and temperature of the feed. We chose a fuzzy logic control system for two reasons: 

1. Even though one objective of the original project was to develop a centrifuge model, the system 
proved too complex. The model that was developed was not adequate for control purposes. 

2. Under almost all circumstances it is entirely possible for an expert operator to maintain excellent 
control of the centrifuge system. The expert's description of his control actions was almost identical to 
a textbook description of a fuzzy expert system. 

Therefore, we chose to model the expert rather than the centrifuge, using a fuzzy expert system. 
The overall control system combines feed- forward control with a feedback control system as shown in 
Figure 5. 

This system includes a "fuzzy- statistical process control (SPC) filter" and the conflict resolution 
program. We use the feed- forward controller to detect large changes in the feed that require process control 
adjustments before a major problem is encountered. This is important for proper control of Centech' s 
centrifuge. An example condition that requires feed-forward adjustment is when feed material collects in 
stratified layers in the feed tanks or ponds. In the case where the operator is lucky enough to be working 
with feed tanks, he can often "roll" or mix the tanks in the morning. This step, though time consuming, 
provides a consistent feed for a period of time. Often however, by afternoon the feed tank will have settled, 
forming layers of different consistency. This scenario is shown in Figure 6. Another less common example, 
which has actually happened, is when the bank on the feed pond caves in and actually increases the BS&W 
content of the sludge in the feed pond. These events can cause serious control problems of the disturbance 
rejection type. The disturbance rejection problem is the reason for the feed-forward controller. The fuzzy- 
SPC filter is required because the feed signals are quite "noisy." We don't want to make changes to the 
control variables in advance unless they are truly required. The fuzzy- SPC filter differentiates between 
noise in the measured feed variable and a true change in the feed. 
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Figure 5. Block flow diagram for the combined feed-forward and feedback control systems. 





Feed Tank-Morning Feed Tank-Evening 



Figure 6. View of the feed tank after mixing in the morning versus a view of the feed tank after 
settling during the day. 

The feedback control system is continually working, making adjustments to the process after detecting 
a product change. The conflict resolution portion of the controller makes sure that corrections to the 
process, due to both feedback and feed-forward conditions, are compatible with the goals of both 
controllers. The feed-forward portion of the controller usually dominates these corrections because feed- 
forward events are future events, and only significant events are acknowledged because of the filter. 
However, some weight is given to current action governed by the feedback controller. 

The fiizzy-SPC filter is a rather unique device to filter out the sensor noise, but it is quite appropriate 
for the centrifuge system, since the system time constant is in the order of minutes rather than seconds. The 
technique is computational intensive and would be too slow for a system requiring rapid control action. 
The fuzzy- SPC filter is based on the Individual and Moving Range charts similar to the X bar-R charts 
from the discipline of statistical process control (SPC). Our technique uses fuzzy logic because several 
variables are monitored at a time rather than just one in the usual SPC case. 

The feed-forward computations, shown in Figure 5, are broken into two parts, the fuzzy soft-sensor 
and the fuzzy feed- forward controller. This combination is shown in Figure 7. 
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Figure 7. Flow diagram for the fuzzy feed-forward control system and fuzzy soft-sensor. 

The feed- forward control system requires three input variables to determine what adjustments, if any, 
are required for the feed pump speed or flow rate and the feed temperature setpoint These variables are the 
cold feed temperature, percent change of water in the feed, and percent change of solid in the feed. 
Unfortunately the percent change of water in the feed or percent change of solid in the feed cannot be 
measured. However the percent change of BS&W in the feed can be measured. It is the sum of the water 
and solid change. The change in the power requirement for the feed heater to maintain a given setpoint 
temperature, and the change in the volumetric flow rate can both he measured. Based upon these 
measurements, the feed BS&W measurement and some knowledge of the cold feed temperature changes, 
the expert can determine the extent of the changes in feed water content and feed solid content This expert 
knowledge is incorporated into the fuzzy soft-sensor. 

We were able to construct a computer model of the feed system, although only an approximate one, 
because the feed system can be described by relatively simple fluid flow laws. This is not true of the 
centrifuge itself, however, which is extremely difficult to model. The computer model of the feed system 
was not in the form required for the feed-forward controller, but it did provide some simulation capability 
and was used to extend the expert knowledge required for the soft-sensor. 

The individual elements of the control system are: 

• The fuzzy-SPC filter. 

• The fuzzy feed- forward controller. 

• The fuzzy soft-sensor. 

• The fuzzy feedback controller. 

• The conflict resolution code. 

Next we'll describe the fuzzy SPC filter. The other control elements are described elsewhere [4]. 

4. THE FUZZY-SPC FILTER 

We designed the filter to prevent the feed-forward controller from acting upon feed changes that are 
really just system "noise". The filter is an implementation of a fuzzy version of the statistical process 
control (SPC) charts known as Individual and Moving Range charts. These charts were patterned after the 
more commonly used X bar-R charts. Dr. Walter Shewhart [5, 6] developed both types of control charts for 
quality control in the 1920s. The X bar-R charts and their fuzzy analogs are discussed in more detail by 
Parkinson [4]. Figures 8 and 9 show an Individual chart and a Moving Range chart, respectively. We 
developed these charts using a computer model of the centrifuge feed system and a random number 
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Figure 8. The Individual chart for Feed-Change-Magnitude for the fuzzy-SPC filter. 
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Figure 9. The Moving Range chart for the fuzzy-SPC filter. 

generator, rather than proprietary field data. In practice the SPC version of this technique works quite well 
[1,7,8]. For this work and the information displayed in Figures 8 and 9, we have modified the SPC 
technique to include fuzzy logic. The reason for the modification is that the expert operator normally looks 
for indications that the feed BS&W has changed by a magnitude of at least ±10% before implementing a 
manual feed-forward control. The control system can measure this with the feed BS&W meter. However, 
this is not the whole story. The feed water concentration and feed solid concentration can change in 
opposite directions, making the feed BS&W reading lower than ±10%. The feed- forward controller relies 
on knowledge of the water and solid changes individually, not the total BS&W change. A fuzzy soft-sensor 
determines the magnitude of the individual water and solids changes, from knowledge about feed pump 
flow changes and feed heater power requirement changes in addition to the total feed BS&W change. Our 
fuzzy filter incorporates these three variables into a single variable, that we call Feed-Change-Magnitude. 
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This is the variable used with the SPC technique, rather than just the feed BS&W change. In our situation, 
these charts are developed in the field each workday at the beginning of a run and after steady-state 
operation has been achieved. 

We construct the Individual and Moving Range charts in the following manner; 

• Data sets, consisting of feed pump flow, heater power requirements, and feed BS&W are taken at 
a specified sample interval (depending upon the current centrifuge operation- — currently from 10 
seconds to about a minute.) If a temperature change occurs, the sample is corrected for 
temperature. The differences in each succeeding set for the three variables are computed. These 
differences are called Variable Changes e.g., Feed BS&W Change. 

• The Variable Changes are used with the fuzzy rules shown in Table I and the corresponding input 
and output membership functions to produce the variable called Feed-Change-Magnitude. This is 
the Individual variable plotted in Figure 8. Note that each point on the Individual chart is 
determined exactly like the point in the example in the next section is determined. At each step, 
the difference between the current Feed-Change-Magnitude and the previous Feed-Change- 
Magnitude is computed. This is the Moving Range value plotted in Figure 9. 

• After thirty set measurements (five minutes to half an hour), the Individual and the Moving Range 

averages ( X and mR ) can be computed. 

• The upper and lower control limits for the Individual chart, sometimes called the upper and lower 
natural limits, designated UNL and LNL respectively, in Figure 8, are computed frorn Eqs. 1 and 
2. The upper control limit for the Moving Range chart (designated UCLr in Figure 9) is computed 
from Eq. 3. These control limits are essentially three standard deviations above and below the 
mean or average lines. 

■ If the Individual values stray beyond the control limits, we assume that the Feed-Change- 
Magnitude is significant and the fuzzy soft- sensor and feed-forward control is implemented. 

• If the Moving Range data go beyond the control limits, it usually means either a rapid short-term 
change or that sensor difficulties are coming into play. The Moving Range chart is available to the 
operator, but currently no automatic control action is implemented based on Moving Range data. 
This may change in the future. 

UNL = X^2.660mR (1) 
LNL=X-2.66QmR (2) 

UCLr = 326$mR (3) 

Figure 8 shows that the feed composition generated by the computer model does not stray beyond the 
control limits. This means that the fuzzy soft- sensor and the feed-forward controller would not be activated 
by any of the hiformation generated by the computer model for this example. However, the trend indicated 
by points 12 through 16 show the system was moving "out of control" in that time interval. In Figure 9, the 
Moving Range chart, the point generated from sample number five is beyond the upper control limit. This 
comes from an abrupt but small reverse in sign for the change in the feed BS&W. With actual data this 
could be an early warning of an impending feed composition change. 

The Feed-Change-Magnitude is computed with a fuzzy rule-based system. One reason for using the 
fuzzy technique is the multi -variable nature of the feed. The soft-sensor uses four input variables to 
compute two output variables, percent change in water, and percent change in solid, required by the feed- 
forward controller. All four of those variables, feed temperature, feed flow rate, feed BS&W, and feed 
heater requirements, exhibit random noise and are not independent. It is easy to correct for the feed 
temperature change. If necessary, the temperature correction is made and then the other three Change 
Variables; Feed Flow Rate Change, Feed BS&W Change, and Feed Heater Requirement Change are used 
with the fuzzy rule base to compute the Feed-Magnitude-Change, Our fuzzy system has twenty-seven 
rules, three input variables with three input membership functions each and, one output variable with five 
output membership functions. The rules are of the form: 

If the Feed Flow Rate Change is . . . and the Feed BS& W Change is . . . and 
the Feed Heater Requirement Change is. . .Then the Feed-Change-Magnitude is, . . 
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Table I. Rules for the Fuzzy-SPC filter. 



Rule 
Number 


If (Feed Flow Rate 
Change) is 


and (Feed BS&W 
Change) is 


and (Feed Heater 
Requirement 
Change) is 


Then 
(Feed-Change- 
Magnitude) is 
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Negative 


Negative 


Negative 


Large Negative 


2 
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Negative 


Negative 


Zero 


Large Negative 
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Negative 


Negative 


Positive 


Small Negative 
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Negative 


Zero 


Negative 
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Large Negative 


5 


Negative 
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Zero 
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Positive 
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Large Positive 
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Large Negative 
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Small Negative 


12 


Zero 
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Large Negative 
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Zero 


Zero 


Negative 


Small Negative 


14 
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Zero 


Zero 


Zero 
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Positive 
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Large Negative 
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Positive 


Negative 


Positive 


Large Negative 
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Positive 


Zero 


Negative 


Small Positive 
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Positive 


Zero 


Zero 


Small Positive 


24 


Positive 


Zero 


Positive 


Large Positive 


25 


Positive 


Positive 


Negative 


Small Positive 


26 


Positive 


Positive 


Zero 


Large Positive 


27 


Positive 


Positive 


Positive 


Large Positive 



All of the input membership functions are ternary — Positive ; Zero, and Negative changes. The output 
has five membership functions Large Positive, Small Positive, Zero, Small Negative, and Large Negative. 
These membership functions are normalized between -1 and 1. The membership functions are described by 
the simple triangles and trapezoids and are shown in Figures 10 through 13. 

The upper and lower natural control limits, derived from input data and computed from Eqs. 1 and 2, 
shown in Figure 8 are 0.5449 and -0.5692, respectively. Currently, we use these values as the control 
limits for a "go" or "no-go" decision for feed-forward control adjustment. We can use any value we wish 
for the actual control limit, but we will get too many "false alarms" if the actual control limits are smaller 
than those used here. 

Table II lists four "disturbance" process conditions generated by the simulation code. These conditions 
were all intended to pass through the fuzzy-SPC filter to the feed-forward controller. The last column in 
Table II is the Feed-Change-Magnitude. The numbers in the last column are either greater than 0.5449 or 
less than -0.5692. They fall outside of the dotted lines shown in Figure 8. Sample number four would not 
have passed the normal SPC filter test with the expert operator's criterion of ±10% change for the feed 
BS&W. The feed-forward controller should act upon this sample since the individual feed water 
concentration and feed solid concentration varied significantly. The expert operator, using manual control, 
might decide these changes are significant by noticing changes in other process variables, and then apply 
appropriate control action. The automatic system has to work with very carefully spelled out directions in 
order to do at least as well as the expert operator. 
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Figure 10. The input membership functions for the variable Pump Flow Change for the fuzzy-SPC 
filter. 
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Figure 11. The input membership functions for the variable Feed BS&W Change for the fuzzy-SPC 
filter. 
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Figure 12. The input membership functions for the variable Heater Power Requirement Change for 
the fuzzy-SPC filter. 
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Figure 13. The output membership functions the variable Feed-Change-Magnitude for the fuzzy-SPC 
filter. 
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Table II. Simulated Feed Conditions and Operating Parameters with the Computed Feed-Change- 
Magnitude that Allowed Passage Through the Fuzzy-SPC Filter. 



No. 


Flow Rate 
Change 
(gpm) 


Feed 
BS&W 
Change 

i _(%)_ 


Heater 
Power 
Requirement 
Change 


Percent 
Water 
Change 


Percent 

Solid 
Change 


Feed- 
Change- 
Magnitude 


1 


-0.9868 


-15.0 


-24.9072 


-10.0 


■5,0 


-1 


2 


-0.5730 


-10.0 


-7,3806 


F~ 0.0 


-10.0 


-0.7793 


3 


0,0909 


10.0 


0.0142 


0.0 


10.0 


0.5611 


4 


1.5198 


5.0 


33.7269 


10.0 


-5.0 


1 



5- EXAMPLE 

With the simulator, we drop the solid content of the feed by -10%. The feed BS&W meter records a 
drop of -10% BS&W in the centrifuge feed. At this point the meter does not know whether the drop is 
from solid or water or both. The feed pump flow rate drops by -0.573 gpm, because solids are harder to 
pump than water and oil. The feed heater requires less power by -7.3806 % because solids are generally 
easier to heat than water. These are the numbers registered in row 2 of Table n. Using these values of Flow 
Rate Change, Feed BS&W Change, and Heater Power Requirement Change with Figures 10—12. we 
obtain the following memberships: 

1 . Pump Flow Change - Negative = 0.573 

2. Pump Flow Change - Zero = 0.427 

3. Feed BS&W Change - Negative = 1 .0 

4. Heater Power Requirement Change - Negative = 0,369 

5. Heater Power Requirement Change - Zero = 0,63 1 

Only four rules are fired, rules 1 ? 2 ? 10, and 11 as shown in Table HI. 



Table III. Rules Fired in the Example Problem. 



Rule 
Number 


Feed Flow Rate 
Change 


Feed BS&W 
Change 


Feed Heater 
Requirement Change 


Feed-Change- 
Magnitude 


1 


Negative (0.573) 


Negative (1.0) 


Negative (0,369) 


Large Negative (0,369) 


2 


Negative (0,573) 


Negative (1.0) 


Zero (0.631) 


Large Negative (0.573) 


3 


ZeroJ0.427) 


Negative (1.0) 


Negative (0.369) 


Large Negative (0,369) 


4 


Zero (0.427) 


Negative (1.0) 


Zero (0.631) 


Small Negative (0.427) 



The values of Feed-Change-Magnitude in the last column of Table HI take on the ininimum value of 
the rule antecedents by virtue of the max-min inference method. The final values are Large Negative = 
0.573 and Small Negative = 0.427 from the max portion of the rule. The output membership functions are 
'"clipped" accordingly, as shown hi Figure 14. The centroid of this figure is -0.7793 as shown in Table II. 
Hiis value falls below the lower dotted line, or control limit, in Figure 8. Therefore information is allowed 
to pass through the filter. 

5.1 Control Comments 

The experienced control engineer may have noticed by this time that there is a rather non- ideal 
situation in the control scheme that affects both the fuzzy soft-sensor and the fuzzy-SPC filter. That is that 
we are using manipulated variables as sensed variables for the filter and the soft- sensor. This is by 
necessity, not by choice. We cannot measure the water content or solid content of the feed directly; so w r e 
have to estimate them from knowledge of the change in feed rate and the change in heater power 
requirements. The feed rate and heater power are manipulated variables. Therefore we must keep track of 
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Feed-Change-Magnitude 

Centroid = -0.7793 
Figure 14. Example output showing the centroid. 

our control actions so as not to confuse the changes caused by control with those caused by disturbances 
or changes in the feed composition. This is the technique that the expert operator has used for years, and 
we have modeled the expert. The extra effort required to implement the soft-sensor and the filter for this 
particular control system will not necessarily be required for other control systems. 

6. CONCLUSIONS 

Other techniques are available for filtering the input and sensor noise. We feel that this technique, 
which is based upon the principles of statistical process control, is the best for the Centech process and 
other situations that may be similar. It provides us with a method for withholding a significant process 
change, unless it is actually needed and provides us with a record of the process feed changes. If the 
changes are slow enough they can be handled with the feedback system entirely. More abrupt changes will 
require the feed-forward system intervention. We can also determine changes in sensor noise and hopefully 
determine in advance if we are having sensor problems, by observing the Moving Range chart. The control 
charts are continually and automatically upgraded during the process operation. This makes the filtering 
technique flexible and keeps it current. The filter is a rather new addition to our control system. So far it 
has performed well. Future tests with a wide variety of feedstocks will provide more insight into the true 
flexibility and usefulness of this method. 
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2. Centrifuge Vapor Emissions Control: 

It is known that during centrifuge processing of fluids hazardous gas vapors may escape 
from the centrifuge unit into the air. These vapors if not secured pose a negative impact to 
air quality and personnel working in the treatment area. Additionally, air quality monitoring is 
an important regulatory requirement and failure to comply with established air quality 
standards can result in work stoppage by governing environmental agencies. Centech 
centrifuge inventor assessed this problem and designed a proprietary Centrifuge Gas-Vapor 
Recovery Unit for recovering gas vapors emitted during the centrifuge process. The vapor 
recovery unit collects and condenses the gaseous vapors into a collection vessel instead of 
releasing the pollutant into the air which adds a valuable quality control measure for 
pollutant vapors during the centrifuge process and ensures compliant to regulatory pollutant 
standards. 

Land treatment units. The rate of emissions from a land treatment unit is directly related to 
the concentration of hydrocarbons present in the waste, the volatility of the hydrocarbons, 
the rate of application of the waste, the rate of biodegradation of the waste, and the soil's 
moisture content. One obvious option for reducing emissions from land treatment units is to 
decrease the rate at which wastes are applied to the unit and ensure that waste is not 
applied when wind conditions are likely to increase emissions. 



See Attached Documentation: 
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September 7 t 1994 



Mr, Neal Miller 
Centech 

920 Lake View Lane 
Casper, WY 82604 

Dear Neal: 

As we have discussed previously, the concentrations of aromatic hydrocarbons from 
the Centech unit are unacceptably high. An air sample collected with the photoionization 
detector (PID) on July 26, 1994, yielded a total volatile organic carbon reading of 695 ppm, 
The subsequent laboratory analysis of this sample showed 150 mg/m 3 of benzene, 520 mg/m 3 
of ethylbenzene, 220 mg/m 3 of m^-xylene, 60 mg/m 3 of o-xylene, and 350 mg/m 3 of 
toluene* These concentrations arc well above the permissible exposure limits. 

Efforts to control these vapors have not yet yielded satisfactory results* 
Measurements taken with the PID in the vicinity of the Centech unit on August 23, 1994, 
produced values as high as 309 ppm. 

Because thesft vapnrs could pose a health threat to all workers in the area, it is 
necessary to eliminate the exposure. Accordingly, we require that vapors be reduced to 50 
ppm or less by 8:00 a.m. on Monday, September 12, 1994. If vapors exceed 50 ppm, as 
measured on the PID, Centech operations will be halted. Processing will not be allowed in 
the Centech unit until the vapors have been controlled. 

Once vapors are reduced to or below 50 ppm, another air sample will be collected 
and sent to the laboratory for analysis. 

Sincerely, 

Jim Sherman 

Site Superintendent 

JS/jb 

File; 93-079 A 
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February 22, 1995 



Neal Miller 
Centech 

920 Lake View Lane 
Casper, WY 82604 

Dear Neal: 

We have received results from the air monitoring performed in and near the Centech unit. 
Real-time measurements with the photoionization detector (PID) indicated the presence of 
organic vapors. Passive absorbers (3-M badges) were therefore placed in the area surrounding 
the Centech unit on February 7, 1995, to collect samples that would enable us to identify the 
components of these vapors. 

The time-weighted average (TWA) measured for benzene was 0.38 ppm near the ceiling 
inside the button house. The TWA for benzene was 0.48 ppm on the south wall, inside the tent, 
across the walkway from the vat. The 8-hour permissible exposure limit (PEL) for benzene is 
1 ppm; the action level is 0.5. Fortunately, we are under the limits in both cases. However, 
the values are close enough to warrant caution. I urge the field workers to continue to minimize 
their time near the vapors. 

Toluene, ethylbenzene, and xylene were measured at slightly higher levels than benzene. 
However, the PELs for these compounds are 100 ppm, so we are far below the standards in 
these cases. 

Our monitoring showed that conditions are highly variable. In most instances, I cannot 
even get a reading on the PID inside the button house. On this particular day, the instrument 
was reading up to 188 ppm of total organic vapors. 

Centech is in the process of installing an improved vapor control system. 
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I have attached a copy of the laboratory report. Please feel free to call me if you have 
any questions. 




Florence P. Barker 
Health & Safety Officer 
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Field Office 
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Neal Miller 
Centech 

920 Lake View Lane 
Casper, Wyoming 82604 

Dear Mr. Miller: 

We have received results from the air monitoring performed in and near the Centech unit on 
September 9, 1995. An active pump was used to collect two samples. In the first case it was worn 
by a Centech employee during performance of his duties. In the second it was used to collect a 
sample in the button house. The samples were analyzed for benzene, ethyl benzene, toluene, and 
xylene. 

The analytical results for both samples reveal that all four chemicals were below detection 

limits. 

I attach a copy of the laboratory report. Please feel free to call me if you have any questions. 



Engineering • Hydrology • Hydrogeology • Waste Management • Construction Administration 



611 SKYLINE ROAD, P.O. BOX 4128 • LARAMIE, WYOMING 82071 • (307) 742-0031 • FAX (307) 721-2913 



October 31, 1995 



Sincerely, 




Florence P. Barker 
Health & Safety Officer 
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THE ASSURANCE OF QUALITY 



REPORT OF LABORATORY ANALYSIS 



Western Water Consultants 
611 Skyline Road 
Laramie, WY 82 070 



Client Account Number 
Service Order # 
PACE Project ID 



17645 

0000-4358 

D50210.300 



Attn: 

Re: IH ANALYSIS (BTEX) 



Report Date 



February 16, 1995 



Laboratory 
Sample # 
Analvte 



Client 
Sample # 



65-536052.2 EY9473C 

Benzene 
Toluene 
Ethyl Benzene 
Xylene 



Pet . Lim. 



0.001 
0.01 
0.01 
0.01 



Volume/Time 
Unit Main 



440 minutes 



Backup 



mg 
mg 
mg 
mg 



Total 



0.019 
0.08 
0.03 
0.15 



Air Concentration 
ppm mcf/M3 



0.38 

2 
0.6 
2.9 



65-536051.9 EZ0388C 

Benzene 0 . 001 mg 

Toluene 0.01 mg 

Ethyl Benzene 0.01 mg 

Xylene 0.01 mg 



440 minutes 



0 . 024 
0.10 
0.03 
0.18 



0.48 
1.9 
0.6 
3.5 
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ENVIRONMENTAL LABORATORIES 



REPORT OF LABORATORY ANALYSIS 



Western Water Consultants 
611 Skyline Road 
Lar ami e , WY 82 07 0 



Client Account Number 
Service Order # 
PACE Project ID 



17645 

0000-5965 

D50921.301 



Attn: 

Re: 93079 



Report Date 



October 3, 1995 



Laboratory Client 

Sample # Sample # Volume /Time Air Concentration 

Analyte Pet . Lim. Unit Main Backup Total ppm mg/M3 

65-545270.5 #l-PERSONAL 30.00 Liters 



Benzene 


0 


001 


mg 


LT 


0 


001 


LT 


0 


001 


LT 


0 


001 


LT 


0 


010 


Toluene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


01 


LT 


0 


088 


Ethyl Benzene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


01 


LT 


0 


077 


Xylene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


01 


LT 


0 


077 



65-545271. 8 #2 -BUTTONHOUSE 18 . 00 Liters 



Benzene 


0 


001 


mg 


LT 


0 


001 


LT 


0 


001 


LT 


0 


001 


LT 


0 


017 


Toluene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


01 


LT 


0 


15 


Ethyl Benzene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


01 


LT 


0 


13 


Xylene 


0 


01 


mg 


LT 


0 


01 


LT 


0 


01 


LT 


0 


. 01 


LT 


0 


13 



Analyzed 09/26/95. 
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November 21, 1995 



Mr. Neal Miller 
Centech 

920 Lake View Lane 
Casper, WY 82604 

Dear Neal: 

You asked for permission to use the monitoring data we collected at the Powder River Crude 
Processors site. Certainly, you may use this information. It is essential to remember, however, that 
each bit of monitoring data represents the air quality at that time and place, under those climatic 
conditions, under those processing conditions for that fluid. In other words, the analytical results 
were time/site/condition-specific. Although these data might contribute to a general understanding 
of air quality in and near the Centech unit, they cannot be used to draw conclusions about worker 
exposure during other operations. 

Please feel free to call if I can be of any help. I am glad to have been a part of this project and 
hope that there will be future opportunities to work with you. 



Best wishes, 




Health & Safety Officer 

FPB:sb 

File: 93-079-L 
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